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M-LINKID CJREAS AND CARBAMATES OF 
HETEROCYCLIC TKIOSSTSRS 



This application. is a continuation-in-parc 
5 application cf U.S. Patenc Applica-icr. Serial N C . 
03/773, 53 5 filed December 31, 1955. 

BACKGROUND OF THZ INVENTION 

1 . yield of Invention 
10 This invention relates ~z neurotrophic low 

molecular weighs small molecule M-iin>ed ureas ar.c 

carbamates cf heterocyclic thioesters having an 

affinicv for FK3?-ty?e immuncphiiins , and their use as 

inhibitors of the enzyme activity associated with 

15 imiuunophilin proteins, particularly pep tidyl-proiyl 

isomerase, or rotamase, er.zyns activity. 
2 . Description of R elated Art 

The term immunophilin refers to a number cf 
proteins that serve as receptors for the principal 

20 immunosuppressant drugs, cyclosporin A (CsA) FK506 

and rapamycin. Known classes of immunophilins are 
cyclophiiins and FK506 binding proteins, or FKHPs . 
Cyclosporin A binds to cyclcphilin A while FK506 and 
rapamycin bind to FKBP12. These immunophiiin-drug 

25 complexes interface with various intracellular signal 
transduction systems, especially the immune and 

nervous systems. 

Immunophilins are known to have pepcidyl-prolyi 
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iscmerase (PPIase) , or rotamase, enzyme activity, .iz 
has been determined that -Z tanas e enzyme activity 
clays a role in the cataiyzation of the 
inter-conversion of the cis and trans isomers c: 
5 pectide and protein substrates for the immuncphiiin 
proteins . 

Immur.ophiiins were originally discovered and 
studied in the immune tissue. It was initially 
postulated by those skilled in the art that inhibition 
10 of the immunochilins' rota-.ase activity leads zz 
inhibition of T-ceil proliferation, thereby causing 
the immunosuppressive activity exhibited by 
i^m^rmnr.ssanc drugs, such as cyclosporin A, FKSOS 
and rapamycin. Further study has shown that the 
15 inhibition of rotamase activity, in and of itself, 
does not result in immunosuppressive activity. 
Schreiber et ai., Science, 1990, vol. 250, pp. 556- 
559. Instead, immunosuppression appears to stem from 
the formulation of a complex of immunosuppressant 
?0 drugs and immunophilins . It has been shown that the 
immunophiiin-drug complexes interact with ternary 
protein targets as their mode of action. Schreiber et 
al., Call, 1991' vol. 66, pp. 907-315. In the case of 
FKBP-FK506 and cyclophilin-CsA, the immuncphilin-drug 
.25 complexes bind to the enzyme caicineurin and inhibit 
the T-call receptor signalling which leads to T-ceil 
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proliferation . Similarly, the immunophilin-drug 
complex of FK3?-rapamycir. interacts with the 
RAET1/:?A? protein and inhib izs the IL-2 receptor 
• signalling. 

5 Immunochilins have been found Co be present at 

'nigh concentrations in the central nervous system. 
Immunophiiins are enriched 13-30 times mere in the 
central nervous system than in the immune system. 
Within neural tissues, immunophiiins appear to 
10 influence nitric oxide synthesis, neurotransmitter 

release and neuronal process extension. 

It has been found that picomclar concentrations 
of an immunosuppressant such as FK50 5 and rapamycin 
stimulate neurits outgrowth in ?C12 cells and sensory 
15 neurons, namely dorsal root ganglion ceils (DRGs) . 

Lyons et al., Proc. of Natl. Acad. Sci., 1994, vol. 
91, cp. 3191-3195. In whole animal experiments, FK506 
has been shown to stimulate nerve regeneration 
following facial nerve injury. 
-> 0 Surprisingly/ it has been found that certain 

compounds with a high affinity for FKBPs are potent 
rotamase inhibitors and exhibit excellent neurotrophic 
effects. Furthermore, these rotamase inhibitors are 
devoid of immunosuppressive activity. These findings 
25. suggest the use of rotamase inhibitors in treating 
various peripheral neuropathies and enhancing neuronal 
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regrowth in Che central nervous system (CNS) . Studies 
have demonstrated that neurodegenerative disorders 
such as Alzheimer's disease, Parkinson's disease, and 
• amyotrophic Lateral sclerosis -IA1S) may occur due to 
5 the less, or decreased availability, of a neurotrophic 
substance specific for a particular population of 
neurons affected in the disorder. 

Several neurotrophic factors affecting specific 
neuronal populations in the central nervous system 
10 have been identified. For example, it has been 
hypothesized that Alzheimer's disease results from a 
decrease or loss of nerve growth factor (MGF: . It has 
thus been proposed to treat Senile Dementia of the 
Alzheimer's Type ( 3 DAT ) patients with exogenous nerve 
15 growth factor or other neurotrophic proteins, such as 
brain derived growth factor, glial derived growth 
factor, ciliary neurotrophic factor and neurctrcpin-3 , 
to increase the survival of degenerating neuronal 
populations . 

2Q Clinical application of these proteins in various 

neurological disease states is hampered by- 
difficulties in the delivery and bioavailability of 
large proteins to nervous system targets. By 
contrast, immunosuppressant drugs with neurotrophic 

.25. activity are relatively small and display excellent 
bioavailability and specificity. However, when 

4 
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administered chronically, immunosuppressant drugs 
exhibit a number of potentially serious side effects 
including nephrotoxicity, such as impairment of 
' glomerular filtration and irreversible interstitial 
5 fibrosis (Kcpp et ai., J. A.7.. Sec. Nepr.rcl . , 1991, 

1:162); neurological deficits, such as involuntary 
tremors, or non-specific cerebral angina, such as non- 
localized headaches (De Green et al . , W. Engl . J. 
Med., 1937, 317:361); and vascular hypertension with 
10 complications resulting therefrom (Kahan et ai . , M. 

Engl. J. Med./ 1939, 321:1723). 

In order to prevent the side effects associated 
with use of the immunosuppressant compounds, the 
present invention provides non- immunosuppressive 
15 compounds containing small molecule FKBP rotamase 

inhibitors for enhancing neurite outgrowth, and 
promoting neuronal growth and regeneration in various 
neuropathologicai situations where neuronal repair can 
be facilitated, including: peripheral nerve damage 
~n caused by physical injury or disease state such as 
diabetes; physical damage to the central nervous 
system (spinal cord and brain) ; brain damage 
associated with stroke; and neurological disorders 
relating to neurodegeneration, such as Parkinson's 
•25 disease, SDAT (Alzheimer 1 s disease), and amyotrophic 
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y , 7MMARY OF TH£ INVENTION 

The present invention relates to neurotrophic, 
low molecular weight, small molecule compounds having 
an affinity for FKBP-type immur.cphilins . Once bound 
5 to these proteins, the neurotrophic compounds are 
potent inhibitors of the er.ryr.e activity associated 
with ir-mur.ophiiin pro- e ins, particularly pep t icy 1- 
proiyl isomerase, or rotamase, enzyme activity, key 
feature of the compounds of "he present invention is 
10 that they do net exert any significant 

immunosuppressive activity in addition to their 
neurotrophic activity. Another significant feature is 
the novel addition of a thioester linkage and an 
unexpected increase in bioavailability and potency as 
15 compared to compounds lacking a thioester linkage. 

Specifically, the present invention relates to a 
compound of formula I: 

— Y — Z 



20 




or a pharmaceutical!.;/ acceptable salt, ester, or 
solvate thereof, wherein: 

A ar.d B are "'taken together with the nitrogen, and 
carbcr. atoms to which they are respectively attached 
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co form a 5-7 membered saturated cr unsaturated 
heterocyclic ring containing any combination cf CH : , o, 
S, SC, 3G : , m cr NR 3 ; 

X is either 0 or S; 



10 



v is a direct bond to Z, a C : -C. ; straight cr 
branched chain alkyi, or a Z : -Z: straight cr cranched 
chain alkenyl, wherein any cf the carton atoms : : said 
aikvi cr ai:<enyi are optionally substituted in one or 
more positions with amino, halo, haloalkyl, 
thiocarbonyi, ester, thioester, aikoxy, aifcenoxy, 
cvano, nitro, imino, alkyiaminc, aminoaikyl, 
sulfhydryl, thioalkyl, sulfcnyi, oxygen to form a 
carbcnyi, or wherein any of the carbon atoms of said 
15 alkyi or alkenyl are optionally replaced with 0, NH, 
NR., 3, 30, or 50 : , wherein ?. ; is selected from the 
group consisting of hydrogen, (C.-C.) -straight cr 
branched chain alkyi, (C 3 -C. : ) -straight or branched 
chain alkenyl or alkynyl, and (C : -C 4 ) bridging alkyi 
?o wherein said bridging alkyi forms a heterocyclic ring 
starting with the nitrogen cf NR, and ending with one 
of the carbon atoms of said alkyi or alkenyl chain, 
and wherein said heterocyclic ring is optionally fused 
to an Ar group; 

95 Z is a direct bona, cr a C.-C; straight or 

branched chain alkyi, or a C : -C, straight or branched 
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10 



15 



chair, alkenyi, wherein any cf "he careen atoms of said 
alky! :r alkenyi are optionally substituted ir. one or 
more positions with amino, halo, haloalkyl, 
thiccarrcnyl, aster, thioester, alkcxy, alker.cxy, 
cyan- , nitro, imino, alky! amine, amir.:: alky!, 
sulfhydryl, thicalkyl, sulfcr.yi, oxygen to form a 
carbcr.vi, or wherein any of "he carbon atoms of said 
aikyl or alkenyi are optionally replaced with o, MH , 
NR., S, SO, or SO : , wherein ?. ; is selected from the 
group consisting of hydrogen, (C : -C,i -straight or 
branched chain aikyl, {C.-C,-) -straight or branched 
chain alkenyi or aikynyl, and (C-CJ bridging aikyl 
wherein said bridging aikyl forms a heterocyclic ring 
starting with the nitrogen of M?.- and ending with one 
of the carbon atoms of said aikyl or alkenyi chain, 
and wherein said heterocyclic ring is optionally fused 
to an k: group; 

C and D are independently: 

hydrogen, Ar, C : -C s straight or branched chain 
^0 alkvl, or C : -C« straight or branched chain alkenyi, 
wherein any of the carbon atoms of said ai'kyl or 
alkenyi are optionally substituted in one or more 
positicn(s) with C,-C, cycloaikyi, C s -C 7 cycloaikenyi, 
hydroxy!, carbonyl oxygen, or Ar , wherein said alkyi, 
.25 alkenyi, cycloaikyi or cycloaikenyi groups are 
optionally substituted with C ; -C s - aikyl, C.-C. alkenyi, 
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hydroxy, amino, halo, haloaikyl, thiccarbcnyl, ester, 
thioester, aikcxy, aikencxy, cyano, nitre, iminc, 
alkyianinc, amincaikyl, suifhydryi, thicaikyi, 
■ suifcr.yi, wherein ar.y of the carbon atoms of said 
5 aikyi or alkenyl are optionally substituted in or.e or 
more positions with oxygen to form a carbcr.yi, or 
wherein any of the carbon atoms of said aikyi or 
alkenyl are optionally replaced with 0, NK, N3. ; , 3, SO, 
or SO-, wherein R, is selected from the group 
0 consisting of hydrogen, (C-t.) -straight or branched 

chain alkyi, (C : -CJ -straight :: branched chain alkenyl 
or aikynyl, and (C-CJ bridging aikyi wherein said 
bridging aikyi forms a heterocyclic ring starting with 
the nitrogen of NR : and ending with one of the carbon 
15 atoms of said aikyi or alkenyl chain, and wherein said 

heterocyclic ring is optionally fused to an Ar group; 

wherein Ar is an aryl or heteroaryi moiety which 
is substituted or unsubstituced; 
W is oxygen or sulfur; 
- -i U is either 0 or N, wherein when U is 0, then R L 

is a lone pair of electrons and R : is selected from the 
group consisting of: 

Ar as defined above, C 3 -C, cycicaikyi, C : -C. : 
straight or branched chain aikyi or alkenyl, or C-.-C, 
straight or branched chain aikyi or alkenyl 
substituted in one or more positions with Ar, amino, 
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halo, haloaikyl, hydroxy, trif iuoromethyl, c.^C, 
straight or branched chain. alkyl, C ; -C 5 straight cr 
brar.cr.ac chain aikenyi, carbcr.yl, thiccarbcnyi , ester, 
thicester, aikoxy, aikenoxy, cyar.o, r.itro, imir.c, 
5 aikviar.ino, amincaikyl, suifhydryi, thioaikyi, 
suifcr.vi, . substituted alkyl cr aikenyi wherein any cf 
the carbon atoras of the alky I cr aikenyi are 
optionally replaced with S, SC, S0 : , 0, cr MR : wherein 
R, is selected from the group consisting of. hydrogen, 
10 (C,-Cj) -straight or branched chain alkyl, (C 3 -C s )- 

scraicht or branched chain aikenyi cr aikynyi, and (C- 
C) bridging alkyl wherein said bridging alkyl forms a 
heterocyclic ring starting with the nitrogen of NR> and 
ending with one of the carbon atoms of said alkyl or 
15 aikenyi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group or C.-C, cycloaikyl; 

and when U is N, and R : are selected 

independently from the group consisting of: 

hydrogen, Ar as defined above, C.-C, cycloaikyl, 
"•o C-C; straight or branched chain alkyl or aikenyi, cr 
C,-C* straight or branched chain alkyl or aikenyi 
substituted in one or more positions with Ar , amino, 
halo, haloalkyl, hydroxy, trif luoromethyl, C r C, 
straight or branched chain alkyl, C : -C, straight cr 
. 25 branched chain aikenyi, carbcnyi, thiocarbonyi, ester, 
thioester, aikoxy, aikenoxy, cyano, nitro, imino, 

10 
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alkylamir.o, aminoalkyl, sulfhydryl, thicalkyi, 
sulfonyi, substituted aikyl cr aikanyl wherein, any cf 
the carbon atoms cf the alkyi or alker.yi" are 
: optionally replaced with S, S3, SC : , C, cr NR. where ir. 
R : is selected from the group consisting of hydrogen, 
(C.-C^; -straight or branched chain aikyl, (C,-C<)- 
straight cr branched chain alker.yi or aikyr.yi, and (C- 
C 4 ) bridging aikyl wherein sale bridging aikyl forms a 
heterocyclic ring starting with the nitrogen cf NR- and 
ending with one of the carben atoms of said aikyl or 
aikenvi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar grcu? or C,-C, cycioalkyl; 

cr R- and R : may be taken together to form a ■ 

heterocyclic ring. 
13 lR p r af erred embodiments, .-- is a cyclic or fused 

eveiic ring and includes a r.— c-, bi- or tricyclic, 
carbo- or heterocyclic ring, wherein the ring is 
either unsubstituted or substituted in one to five 
position(s) with halo, haloaikyl, hydroxy!, nitro, 
-0 trifiuoromethyl, C,-C s straight or branched chain 

alkvl, C-C 5 straight or branched chain aikenyl, C : -C. : 
alkoxy, C : -C 4 alkenyloxy, phencxy, benr/lcxv, amino., 
thiocarbonyl, ester, thicester, cyano, imino, 
alkyiamino, aminoalkyl, suifnydryl, tnioaikyi, and 
.25 sulfonyi; wherein the individual ring sizes are 5-3 
members; wherein the heterocyclic ring contains 1-4 
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heteroatom(s) selected from the group consisting of c, 
M, or 5; wherein aromatic or tertiary alley 1 amines are 
opticr.aily oxidized to a corresponding M-oxide. 

==rticuiariy preferred Ar groups include phenyl, 
5 benzyl, naphthyl, pyrrclyl, pyrrciidinyi, pyridinyl, 

pyrimidinyl, curir.yi, cuinolinyl, isoquinoiinyl, 
furyl, thicphenyl, imidazclyl, oxazoiyi, thiazolyi, 
pyrazoiyl, and thienyl. 

Preferred heterocyclic croups may be selected 
10 from the group consisting of pyrrclyl, pyrrclidinyl, 

cvridinyi, pyrimidinyl, purinyl, quinoiinyi, 
isoquinoiinyl, furyl, thicphenyl, imidazolyi, 
oxazoiyi, thiazolyi, pyrazoiyl, thienyl, piperidinyi, 
and piperazinyl. 
15 A preferred embodiment cf this invention is = 

compound cf formula II: 

I | S Y— Z 

"^A 



X 



u 



Ri 

II 

20 or a pharmaceutical^ acceptable salt, ester, or 
solvate thereof, wherein: 

r, F, G and^ H are independently CH : , 0, S, SO, 
SO-, NK or NR. wherein at least two of E, F, G, and r. 
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are CK ; ; 

X is either 0 or S; 

Y is a direct bond tc Z, a C-C, straight or 
' branched chain alkyl, or a C : -1, straight or branched 
5 chain alkenyi, wherein any of the carbon atoms of said 
aikvl :•: aikenyL are optionally substituted in one or 
more positions with amin;, halo, haloalkyl, 
thiocarbonyi, ester, thioester, alkcxy, alker.cxy, 
cyanc, nitro, iminc, alkyiamir.o, amincalkyi, 
10 suifhydryi, thioalkyl, sulfcr.yl, oxygen to form a 

carbcnyl, or wherein any of the carbon atoms of said 
aikvi or alkenyi are optionally replaced with 0, NK, 
NR., 3, SO, or S0 : , wherein ?. : is selected from the' 
group consisting of hydrogen, (Ci-C.) -straight or 
15 branched chain alkyl, (C,-C : ; -straight or branched 
chain alkenyi or aikynyi, and >C : ~Z.) bridging alkyl 
wherein said bridging alkyl ftrms a heterocyclic ring 
starting with the nitrogen of NR, and ending with one 
of the carbon atoms of said alkyl or alkenyi chain, 
'0 and wherein said heterocyclic ring is optionally fused 

to an Ar group; 

Z is a direct bond, or a C.-C, straight or 
branched chain alkyl, or a C : -C, straight or branched 
' ' chain alkenyi, wherein any of the carbon atoms of saii 
•25 aikyl or alkenyi. are optionally substituted in one or 
more oositions with amine, halo, halcalkyi, 
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thiocarbonyL, ester, thioester , alkcxy, alker.ox.y., 
'cvar.o, r.itro, iraino, aikylamino, aminoalkyl, 
suifhydryl, thioaikyi, sulfcnyl, oxygen to form a 
carbonyl, or wherein any cf the carbon a tens cf said 
aikyl or alkenyi are optionally replaced with C, NH, 
NR., S, 50, or SC : , wherein ?. : is selected from the 
group consisting of hydrogen, (C-C.) -straight or 
branched chain aikyl, (C : .-C t - -straight or c ranched 
chain alkenyi or aikynyl, and (C : -C.) bridging aikyl 
wherein said bridging aikyl terras a heterocyclic ring 
starting with the nitrogen cf NR : and ending with one 
of the carbon atoms cf said aikyl or alkenyi chain, 
and wherein said heterocyclic ring is optionally fused 
to an Ar group; 
15 c and D are independently: 

hydrogen, Ar, C-.-C, straight or branched chain 
aikyl, or C ; -C. : straight or branched chain alkenyi, 
wherein any of the carbon a tens of said aikyl or 
alkenyi are optionally substituted in one or more 
-0 position(s) with C,-C, cycloaikyl, C.-C- cycloaikenylv 

hydroxy!, carbonyl oxygen, or Ar, wherein said aikyl, 
alkenyi, cycloaikyl or cycioaikenyl groups are 
optionally substituted with C-C. : aikyl, C : -C 5 alkenyi, 
hydroxy, amino, halo, haloalkyl, thiocarbonyi, ester, 
■ 25- thioester, aikoxy, alkenoxy, cyano, nitre, inino, 
alkyiamino,- amincaikyl, suifhydryl, thicaikyl, 
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suifcnyl, wherein any of the carbon atoms of S a-id 
alkyi cr aikenyl are optionally substituted in or.e c: 
more positions with oxygen to form a carbcnyi, or 
- wherein any of the carbon atoms of said alkyi cr 
5 aikenyl are optionally replaced wi~h C, MH , N?. : , S, SO, 

or SC ; , wherein ?. : is selected from, the group 
consisting of hydrogen, (C.-C;; -straight or branched 
chain aikyL, (C 2 -C) -straight :: branched chair, alkenyl 
or aikyr.yi, and (C : -C ; ) bridging aikyl wherein said 
10 bridging aikyl forms a heterocyclic ring starting Wie- 

the nitrogen of N?,i and ending with one of the carbon 
atoms of said alkyi cr aikenyl chain, and wherein said 
heterocyclic ring is optionally fused to an Ar group; 
wherein Ar is an aryi or heteroaryl moiety which 
15 is substituted or unsubs tituted; 

w is oxygen or sulfur; 

U is either 0 or M, wherein when U is C, then B.- 
is a lone pair of electrons and R : is selected from the 
group consisting of: 

70 Ar as defined above, C 5 -C 9 cycioaikyi, C,-C : - 

straight or branched chain aikyl or aikenyl, or C.-C, 
straight or branched chain alkyi or aikenyl 
substituted in one or mere positions with Ar, amino, 
halo, haioaikyl, hydroxy, trif iuorcmethyi, C,-C 5 

25 straight or branched chain alkyi, O-C* straight or 

bra.ic::ed ch:-i- aikenyl, career yi. thir.carbo.v/i, ss^r, 
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thieester, aikoxy, aikenoxy, cyar.c, nitre, imirro, 
aikyia:r.inc, aininoaikyi, suifhydryi, thioaikyl, 
sulfcr.yl, substituted alkyi :r alkenyl wherein any z : 
the carbcn atoms of the alkyi cr alkenyl = re 
5 optionally replaced with 5, IZ, SC : , C, cr NR : wherein 
R, is selected from the group consisting of hydrogen, 
(C,-C. : ) -straight cr branched chain alkyi, (Cj-Cji- 
straight or branched chain aiker.yi or aikynyi, and .!C : - 
CJ bridging alkyi wherein said bridging alkyi ferns a 
10 heterocyclic ring starting with the nitrogen cf MR-, and 
ending with one of the carbon atoms of said alkyi cr 
aikanyi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group cr C,-C, cycioalkyi; 

and when U is N, ?.-. and R : are selected 
15 independently from, the group consisting of: 

hydrogen, Ar as defined above, C } -C- cycioalkyi, 
C-C s straight or branched chain alkyi or a'lkenyl, or 
C.-C 4 straight or branched chain alkyi or alkenyl 
substituted in one or more positions with Ar, amino, 
'5 halo, haloaikyl, hydroxy, trif iuorcmethyi, C--", 
straight or branched chain alkyi, C,-C s straight or 
branched chain alkenyl, carbonyi, thiocarbonyl, ester, 
thioester, alkoxy, aikenoxy, cyano, nitre, imino, 
alkyiamino, amincaikyi, suifhydryl, thioalkyi, 
25 sulfonyl, substituted alkyi or alkenyl wherein any of 
the carbon atoms of the alkyi cr alkenyl =re 
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optionally replaced with S, SC, SO : , 0, cr MR : wherein 
r, is selected from the group consisting of hydrogen, 
(C,-C*) -straight or branched chain aikyi, (C.-c.) - 
straight cr branched chain- aiker.yi or aikynyi, and [Z- r 
5 c 4 ) bridging aikyi wherein said bridging aikyi forms a 
heterocyclic ring starting with the nitrogen of MR, and 
ending with one cf the carbon a -eras of said a iky I or 
aiker.vi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group or C 3 -C, cycioalkyi; 
10 or R : and R : may be taken together to form a 

heterocyclic ring. 

In preferred embodiments/ Ar is a cyclic or fused 
cyclic ring and includes a rr.cr.c-, bi- or tricyclic, 
carbo- or heterocyclic ring, wherein the ring is 
15 either unsubstituted or substituted in one to five 
position(s) with halo, haicalkyi, hydroxyl, nitre, 
trifiuoromethyl, C.-C, straight or branched chain 
alkyi, C*-C 6 straight or branched chain aikenyi, C-C$ 
alkoxy, C : -C 5 alkenyloxy, phenoxy, benzyloxy, amino, 
20 thiccarbonyl, ester, thioester, cyano, imino, 
alkylamino, amincalkyl, suifhydryl, thioaikyl, and 
sulfonyl; wherein the individual ring sizes are 5-3 
members; wherein the heterocyclic ring contains 1-4 
heteroatom(s) selected from the group consisting of 0, 
25 N, or S; wherein aromatic or tertiary aikyi amines are 
optionally oxidized to a corresponding M-oxide. 
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Particularly preferred Ar groups include pheny.i, 
benzyl, naphthyl, pyrrolyl, pyrrolidinyl, pyridinyi, 
pyrimidinyl, purinyl,' quir.ciir.yl/ iscquinolinyl, 
furyi, thiophenyi, imidazoiyl, oxasoiyi, t-iazclyi, 
5 pyrazoiyi, and thienyi . 

Preferred heterocyclic groups .nay re selected 
from the group consisting of pyrrolyl, pyrrolidinyl, 
pvridinyl, pyrimidinyl, purinyl, ruinciinyi, 
isoquir.ciinyl, furyl, thiophenyi, iaiidasslyi, 
10 oxazoiyi, thiazolyl, pyrazoiyi, thienyi, piperidir.yi, 

and piperazinyl. 

tocher preferred embcdinent is a compound cf 

formula III: 

F— G £ 



15 



20 



'N 



w 



\ 



D 



X 



Ri 

III 

or a pharmaceutical^ acceptable salt, ester, or 
solvate thereof, wherein: 

E, F, and G are independently CH : , 0, S, 50, SC : , 
NH or mr, wherein at least 2 cf Z, F, and G are CH.; 

X is either 0 or S; 

Y is a direct bond tc Z, a C ; -C,- straight or 
branched chain alkyi, or a C : -C< straight cr branched 
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chair, aikenyl, wherein any of "he carbon atoms of said 
aikyl cr aikenyl are optionally substituted m one or 
more positions with amino, hale, haioaikyl, 
thiocarbenyi, ester, thioeszer, aikcxy, alker.cxy, 
5 cyanc, nitre , imino, alkyiaminc , anincaikyl, 
sulfhydryi, chioaikyl, sulf — yi, oxygen zz form a 
carbenyl, or wherein any of the carbon atzr.s zz said 
aikyl cr aikenyl are optionally replaced with 0, NH, 
NR :/ S, SO, or S0 : , wherein ?. : is selected from the 
10 group consisting of hydrogen, (C : -C.) -straight or 
branched chain aikyl, (C 2 -C. : - -straight or branched 
■ chain aikenyl or alkynyi, and (C-CJ bridging aikyl 
wherein said bridging aikyl ferns a heterocyclic ' ring 
starting with the nitrogen cf NR : and ending with one 
15 of the carbon atoms of said alky! or aikenyl chain, 

and wherein said heterocyclic ring is optionally fused 
to an Ar group; 

Z is a direct bond, or a C : -C, straight or 
branched chain aikyl, cr a C : -C, straight or branched 
9 0 chain aikenyl, wherein any of the carbon atoms of said 
aikyl or aikenyl are optionally substituted in one or 
more positions with amino, halo, haloalkyl, 
thiocarbonyl, ester, thioester, alkcxy, alkenoxy, 
cyano, nitro, imino, aikylaminc, aminoalkyi, 
25 sulfhydryi, thioalkyl, sulfcnyi, oxygen to form a 

carbonyl, or wherein any of the carbon atoms of said 
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alky! cr alkenyl are optionally replaced wUh-o, NH, 
NR : , 3, SO, cr SO : , wherein ?. : is selected from the 
group consisting of hydrogen, iC x -C^ -straight cr 
■ branched chain alkyl, (C 2 -C. : . -straight cr branched 
5 chain alkenyl cr alkyr.yi, and (C ; -C 4 ) bridging alkyl 
wherein said bridging alkyl fcrms a heterocyclic ring 
starling with the nitrogen of N?. : and ending with one 
of the carbon atoms of said alkyl or alkenyl chain, 
and wherein said heterocyclic ring is optionally fused 
10 to an Ar group; 

C and D are independently: 

hydrogen, Ar, C : -C_ : straight or branched chain 
alkvi, or C : -C f straight or branched chain alkenyl, 
wherein any of the carbon atoms of said alkyl or 

15 alkenyl are optionally substituted in one :r more 

positionis) with C 3 -C 3 cycioalkyl, C.-C- cycicalkenyi, 
hydroxy!, carbonyl oxygen, or Ar, wherein said alkyl, 
alkenyl, cycioalkyl or cycloaikenyl groups are 
optionally substituted with C : -C.- alkyl, C : -C, alkenyl, 

?Q hydroxy, amino, halo, haioalkyl, thiocarbcnyl , ester, 

thioester, alkoxy, alkenoxy, cyano, nitre, imino, 
alkyiamino, aminoalkyi, suifhydryl, thicalkyl, 
suifonyl, wherein any of the carbon atoms zi said 
aikvl or alkenyl are optionally substituted in one or 

25 more positions with oxygen zz form a carbenyl, or 

wherein any of the carbon £-=ms of said al-:yl cr 
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aikenyi are optionally replaced with 0, MH, bTR : , s, so, 
or SC :/ wherein R : is selected from the group 
consisting of hydrogen, (C-Cr) -straight: or branched 
chain alkyi, (C,-C s ) -straight c: branched ch=in aikenyi 
5 or aikynyl, and (C-CJ bridging alkyi wherein said 
bridging alkyl forms a heterocyclic ring starting with 
the nitrogen of NR : and ending with one of the carbon 
atoms zz said alkyl or aikenyi chain, and- wherein said 
heterocvciic ring is optionally fused to an Ar group; . 
10 wherein Ar is an aryi or heteroaryi moiety which 

is substituted or unsubstituted; 
W is oxygen or sulfur; 

U is either 0 or N, wherein when U is C, then R : 
is a lone pair of electrons and R : is selected from the 
15 group consisting of: 

Ar as defined above, C 2 -C, cycloalkyi, C : -C 5 
straight or branched chain alkyl or aikenyi, or C,-C, 
straight or branched chain alkyi or aikenyi 
substituted in one or more positions with Ar, ammo, 
0 halo, haloalkyl, hydroxy, trif luoromethyi, C : -C, 
straight or branched chain alkyi, C : -C 5 straight or 
branched chain aikenyi, carbonyl, thiocarbonyl, ester, 
thioester, alkoxy, alkenoxy, cyano, nitro, imino, 
alkylammo, aminoalkyl, sulfhydryi, thioalkyl, 
■25 sulfonyi, substituted alkyl or aikenyi wherein any of 
the carbon atoms of the alkyi or aikenyi are 
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optional!-/ replaced with S, SC, SC : , C, or NR : wb.ere.ir. 
R, is selected from the group consisting of hydrogen, 
(C,-C; -straight or branched chair, alkyl, ;C ; -C. : ; - 
straight or branched chain aikenyl or aikyny:, and (C- 
c j bridging alkyl wherein said bridging alkyl forms a 
heterocyclic ring starting with the nitrogen :: NR.. and 
ending with one of the carbon atoms of saio alkyi or 
aikenyl chain, and wherein said heterocyclic ring is 
optional!'/ fused to an Ar group or C,-C ; cyclcai'kyi ; 

= r.d when U is N, ?-. and ?. : are selected 
independently from the group consisting of: 

hydrogen, Ar as defined above, C,-C, cyrloaikyl, 
C,-C straight or branched chain alkyi or aikenyl, or 
C-C, straight or branched chain alkyl or aikenyl 
substituted in one or more positions with Ar, amino, 
halo, haloalkyl, hydroxy, trif iuoromethyl, C.-C, 
straight or branched chain alkyl, C-.-C, straight or 
branched chain aikenyl, carbonyi, thiocarbonyl, ester, 
thioester, aikoxy, alkenoxy, cyano, nitre, iminc, 
alkylamino, aminoalkyl, sulfhydryi, chioaikyi, 
sulfcnyl, substituted alkyl or aikenyl wherein any of 
the carbon atoms of the alkyl or aikenyl'" are 
optionally replaced with S, SO, SO : , 0, or M?, wherein 
R : is selected from the group consisting of hydrogen, 
(C.-c.-S -straight or branched chain alkyi, (C,-C s )- 
straight or branched chain aikenyl or alkynyi, and (C,- 



WO 98/29117 



PCT/US97A24070 



C 4 ) bridging alley 1 wherein said bridging alky I forms -a 
heterocyclic ring starting with the nitrogen of NR, and 
ending wich one of the carbon atoms cf said alkyl or 
aiker.yi chain, and wherein said heterocyclic ring 15 
5 optionally fused to an Ar group :: C 3 -C 3 cycicalkyi; 

or R t and R : may be taken cogether to form a 
heterocyclic ring. 

In preferred embodiments, Ar is a cyclic or fused 
cyclic ring and includes a mono-, b 1 - or tricyclic, 
10 carbc- or heterocyclic ring, wherein the ring is 
either unsubstituted or substituted in one to five 
position (s) with halo, haioalkyi, hydroxy!, nitre, 
trif iucromethyi, C : -C t straight or branched chain 
alkyi, C : -C, straight or branched chain aikenyl, C ; -C 6 
15 alkoxy, C : -C- alkenyloxy, phenoxy, benzyloxy, amino, 
thiocarbonyl, ester, thioester, cyano, imino, 
alkyiamino, aminoalkyi, suifhydryl, chioaikyi, and 
sulfonyl; wherein the individual ring sizes are 5-3 
members; wherein the heterocyclic ring contains 1-4 
?0 heteroatom(s) selected from the croup consisting of 0, 
M, or S; wherein aromatic or tertiary aikyl amines are 
optionally oxidized to a corresponding N-oxide. 

Particularly preferred Ar groups include phenyl/ 
benzyl, naphthyl, pyrrolyl, pyrroiidinyl, pyridinyl, 
•25 pyrimidinyl, pjjrinyl, quinoiinyl, isoquinciinyi, 
furyi, thiophenyl, imidazoiyl, oxazolyi, thiazolyl, 
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pyratolyi, and thienyl. 

Preferred haterocyclic groups may be selected 
from -he group consisting of pyrrclyi, pyrroiidinyl, 
pvridir.vl, pyrimidir.yi, p-j.rir.yl, quir.clinyi, 
isoquir.oli.nyl, furyl, -r.iopher.y-, imidaiciyi, 
oxarolyi, thiazoiyl, pyrazoiyl, tr.ier.yi, pipericiryi, 

and piperacinyi. 

A' further particularly preferred eric dime r.t of 
this invention is a compound of forr.ula Z'i: 

■(CH : )n y C 



N 



Z 




\r 



j VV 

Ri 



or a pharmaceutical ly acceptable sale, ester, or 
solvate thereof, wherein: 

n is 1, 2 or 3 forming a 3-7 member heterocyclic 

ring; 

X is either O or S; 

v i S a direct bond to Z, a C : -C s - straight or 
branched chain alkyl, or a C ; -C, straight or branched 
chain alkenyl, wherein any of the carbon atoms of said 
alkyl or alkenyl are optionally substituted in one or 
raore positions with amino, halo, haloalkyl, 
thiocarbonyl, ester, thioester, aikoxy, alkenoxy, 
cvano, nitro, iminc, alkylamino, ammcalkyi, 
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suifhydryi, thioalkyi, sulfcr.yi, oxygen to form-, a 
carbonvl, or wherein any of carbon atoms of said 
alkvl or alkenyl are optionally replaced with 0, nh, 
NR., 3, SO, or SO,, wherein ?. : is selected from the 
group ccnsisting of hydrogen, (C.-C,) -straight or 
branched chain alky!, (0,-0.;. -straight or branched 
chain alkenyl or alkynyl, and '0--0 4 ) bridging alkyl 
wherein said bridging alkyl fcrxs a heterocyclic ring 
startinc with the nitrogen of >Hv and ending with one 
of the carbon atoms of said alkyl or alkenyl chain, 
and wherein said heterocyclic ring is optionally fused 

to an Ar group; 

Z is a direct bond, ' or a C.-C s straight or 
branched chain alkyl, or a 0 : -0, straight or branched 
chain alkenyl, wherein any of "he carbon atoms of said 
alkyl or alkenyl are optionally substituted in one or 
more positions with amine, halo, haloalkyl, 
thiocarbonyl, ester, thioes-.er, alkoxy, alkenoxy, 
cyano, nitro, iraino, alkylamino, aminoaikyl, 
sulfnydryl, thioalkyl, sulfcnyi, oxygen to form a 
carbonvl, or wherein any of the carbon atoms of said 
alkyl or alkenyl are optionally replaced with O, NH, 
NR 2 , S, SO, or SO,, wherein ?. : is selected from the 
group consisting of hydrogen, (C.-CJ -straight or 
. 25 branched chain ..alkyl, (C 2 -C„ -straight or branched 
chain alkenyl or alkynyl, and (C.-CJ bridging alkyl 
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where!" said bridging allcyl fcrms a heterocyclic riag 
■startir.g with the nitrogen of NR ; and ending with one 
of the carbon atoms of said alkyl cr alkenyi chain, 
and wherein said heterocyclic ring is optionally fused 
5 to an Ar group; 

C and D are independently: 

hydrogen, Ar, C-C 5 straight cr branched chain 
alkvi, cr C ; -C. ; straight cr branched chain aiker.yl, 
wherein any cf the carbon atorr.s cf said alkyl tr 

10 al!<enyl are optionally substituted in one or more 

positicn(s) with C : -C* cycloaikyl, C.-C- cycioaikenyl, 
hydroxyl, carbonyl oxygen, or Ar, wherein said alkvi, 
alkenyi, cycloaikyl or cycioaikenyl groups are 
optionally substituted with C : -C* aikyi, C 2 -C, alkenyi, 

15 hydroxy, amino," halo, haloalkyi, thiocarbonyl, ester, 

thioester, alkcxy, aikenoxy, cyar.o, nitre, imino, 
a 1 k y 1 a n i n o , a m i n o a 1 k y 1 , s u 1 f h y d r y 1 , t h i o a 1 > y 1 / 
sulfonvi, wherein any of the carbon atoms of said 
alkvl or alkenyi are optionally substituted in one or 

20 more positions with oxygen to form a carbonyl/ or 

wherein any of the carbon atoms of said alkyi or 
alkenyi are optionally replaced with 0, MK, NR : , S, SO, 
or 50 : , wherein R 2 is selected from the group 
consisting of hydrogen, (C : -C.) -straight or branched 

..25 chain aikyi, (C^C.) -straight or branched chain alkenyi 

or aikynyl, and (C : -CJ bridging alkyi wherein said 
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bridging alkyl forms a heterccyciio ring starting wi ti- 
the nitrogen of NR : ar.d ending wi-h one of the carbon 
atoms of said alkyl or alkenyi chain, and wherein said 
heterocyclic ring is optionally fused to an Ar grouc; 
5 wherein Ar is an aryL or heteroaryi moiety which 

is substituted or unsubstituted; 
M is oxygen or sulfur; 

U is either 0 or N, wherein when U is 0, then R- 
is a lone pair of electrons and R : is selected from the 
10 group consisting of: 

Ar as defined above, C : .-C: cycloalkyl, C : -C, 
straight or branched chain alkyl or alkenyi, or C : -C. : 
straight or branched chain alkyl or alkenyi 
substituted in one or more positions with Ar, amino, 
15 halo, haloaikyi, hydroxy, trif iuoromethyl, C : -C 5 
straight or branched chain alkyl, C 2 -C s straight or 
branched chain alkenyi, carbcnyi, thiccarbonyi , ester, 
thioester, aikoxy, alkenoxy, oyano, nitre, imino, 
alkylamino, amincalkyl, 4 sulfhydryl, thioaikyi, 
^0 sulfonyi, substituted alkyl cr alkenyi wherein any of 
the carbon atoms of the alkyl or alkenyi are 
optionally replaced with S, 50, 30 : , 0, or NR : wherein 
R. is selected from the group consisting of hydrogen, 
(C r c f ) -straight or branched chain alkyl, (C 3 -C 6 )- 
25 straight or branched chain alkenyi cr alkynyi, and (C- 
C.) bridging alkyl wherein said bridging alkyl forms a 
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heterocyclic ring starting with the nitrogen cf nr. - nc > 
ending with one of the carbcr. atoms of said alkyi cr 
aikenyi' chair., and wherein said heterocyclic ring i 5 
optionally fused to an Ar group or C 3 -C s cycicaikyl; 
5 and when U is N, R : and R : are selected 

indecer.den.tiv from the group consisting of: 

hydrogen, Ar as defined above, C,-C 9 cycioaikyl, 
C. -C. straight or branched chain ai!<yi or aikenyi, or 
C-C 5 straight or branched chain aikyl or aikenyi 
10 substituted in one or more positions with Ar, amino, 

halo, haloaikyl, hydroxy, crif luoromethyi, C-.-C : 
straight or branched chain alkyi, C : -C 5 straight or 
branched chain aikenyi, carbcr.yl, thiocarbonyl, ester, 
thioester, alkoxy, alkenoxy, cyano, nitro, imino, 
15 alkyiamino, aminoalkyl, sulfhydryl, thioaikyi, 
sulfonyl, substituted aikyl or aikenyi wherein any cf 
the carbon atoms of the alkyi or aikenyi are 
optionally replaced with S, St, SC : , 0, or NR : wherein 
R, is selected from the group consisting of hydrogen, 
;q (C : -CJ -straight or branched chain alkyi, (C-.-Cj - 

straight cr branched chain aikenyi or alkynyl, and (C- 
C 4 ) bridging aikyl wherein said bridging alkyi forms a 
heterocyclic ring starting with the nitrogen of NR ; and 
ending with one of the carbon atoms of said alkyi cr 
■25. aikenyi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group or C 3 -C s cycloalkyi; 
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cr R- ar.d R ; may be taker, together to for-tr-a 
heterccyclic rir.g. 

In preferred embodiments, Ar is a cyclic cr fused 
cvciic ring ar.d includes a ncr.c-, bi- or tricyclic, 
5 carbo- or heterccyclic rir.g, wherein the ring is 

either unsubstituted or substituted in one to five 
pcsition(s) with halo, haioal>yi, hydroxyl, nitro, 
trifiucrcmethyi, C,-C ; straight cr branched chain 
alkvi, C-C 4 straight or branched chain aikenyi, C ; -C, 
10 aikoxy, C : -C 5 alkenyloxy, pher.cxy, benzyloxy, amino, 
thiocarbonyl, ester, thicester, cyano, imino, 
alkyiamino, aminoalkyi, suifhydryi, thicaikyT, and 
sulfonyi; wherein the individual ring sizes are 5-3 
members; wherein the heterccyclic ring contains 1-4 
15 heteroatom(s) selected from the group consisting of 0, 
N, or S; wherein aromatic cr tertiary alkyi amines are 
optionally oxidized to a corresponding M-cxide. 

Particularly preferred Ar groups include phenyl, 
benzyl, naphthyl, pyrrolyl, pyrrolidinyl, pyridinyl, 
20 pyrimidinyl, purinyl, quinclinyl, isoquinolinyl, 
furvl, thicohenyl, imidazoiyi, oxazoiyl, thiazoiyi, 
pyrazolyl, and thienyl . 

Preferred heterocyclic groups may be selected 
from the group consisting of pyrrolyl, pyrrolidinyl, 
■25 pyridinyl, pyrimidinyl, purinyl, quinclinyl, 
iscquinoiinyl, furyl, thiophenyl, iaidaxolyl, 
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oxazclyi, thiazoiyl, pyratoiyl, thienyl, piperidiny-l, 
and piperazinyl . 

Particularly preferred compounds of the present 
invention are selected from the croup consisting of: 
5 2-?her.yi?ro?yl (2S) -1- i 1-cyclohexyicarcanoyi) -:- 

pyrrol idinecarccthiate (17) ; 

rhenethyi " ( 2S ) -N- • cyolohexyicarbar.oyi ) -I- 
pyrrclidinecarbothiate (13); 

2- (2, 3, S-Trirtiethylphenyl ; propyl 1- ' ".- 
10 adaznar.tylcarbanoyi) -2-pyrroiidinecarbothioate (19! ; 

2 - ( 2 , 3 , 5 - T r i m e t h y 1 ? h e r. y 1 ) p r o p y 1 1 - 
(cycichexylcarbaaoyl) -2-pyrrolidinecarbothioate (20, ; 

2- (3-Fluorophenyi)?ro?yl ( 2 S ) - 1 - 
( Cyciohexy lcarbanoy 1 ) -2-?yrro lidir.ecarbcthicate (21 ; 

]_5 3-(2-Fiuoro?henyl)orocyl ( 2 S • -!-(-- 

adaraantylcarbaraoyl) -2-pyrrolidinecarbcthioate (22) ; 

3 - ( 2-riuorophenyi) propyl ( 2 S ) - 1 - 
(cyciohexyioarbamoyl) -2-pyrrolidinecarbothioate (23 ; 

3- (4-Methylphenyl; propyl ( 2 S ) - 1 - 
20 (cyciohexylcarbaicioyl)-2-pyrroiidinecarbothioate (24:; 

3-(4-Methylphenyl)?ropyl ( 2 S ) - L - t 1 - 
adamar^ylcarbamoyi) -2-pyrroiidinecarbothioate (25) ; 

3- (4-Methylphenyl) propyl (2S ) -1- ( terz- 

butyicarbamoyl) -2-pyrrolidinecarbcthioate (25) ; 
, 2 5 3-(2-Chi.orophenyi! propyl (2S)-1- 

cyciohexylcarbamoyl) -2-pyrrolidinecarbcthioate (27,; 

30 
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3- (3, 5-Dimechoxyphervyl)prc?yi (2S) ( (IS) -1- ft- 
naphtr.yi) ethyl] -carb amc y I } - 2 - ? y r r 3 1 i dinec a r bo thio a c a 

(28) ; 

3,3-Dichenylprccyl (2S)-1-[(1,1,3,3- 
5 tetranethyibuuvl) carbamoyl] -2-pyrroiidinecarbcthioa-e 

(29) ; 

3 - C y c 1 o h e x y 1 ? r o p y 1 ( 2 5 ) - 1 - [ ; 2 , 5 - 

diisccrccyiphervyl) carbamoyl! -I-cyrroiidinscarbcchioaca 
(31) ; 

10 2 - C y c i c i~ e x y i ? r o p y 1 (25) -1- (hsxylcarbamcyl) -2- 

pyrrclidinecarbothioate (32); 

3,3-Di?henylpropyi (2S)-i-[(2,4- 
d i me t r.c x y? h a n y 1 ) carbamoyl ] -2-cyrrolidinecarbothioate 
(33) ; 

15 3- ( 3, 5-Dimethoxyphep.yl) crccyl (2S) -l-{ [ (13, 2R) -2- 

phar. yi-:ycloprcpy: i carbamoyl] - 2 - 
pyrroiidinecarbothioace (34) ; 

3-?henylpropyl (2S)-l-(!2,4- 
Dimechoxyphenyl) carbamoyl) - 2-cyrrolidinecarbothioate 

20 (35); 

3-?henvipropyl (2S)-1- '. i-adamancylcarbamoyl) -2- 
pyrroiidinecarbothioate (36); 

3-Phenylprcpyl (2S) -1- ( l-cyciohexyicarbamoyl) -2- 
pyrrolidinecarbothioate (37); 
■25 3-?henylproeyi (2S) -1- [ 1- adamant yl amino) (thioxo;- 

methvl ] -2-pyrrolidinecarbothioaca (38) ; 
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3-12,4/ 5-Trime thoxyphenyi) prcpyl ( 2S) -.1- 

(hexylcarbamcyl) -2-pyrrolidir. ecarbcchioate (39) ; 

3- (2, 4, 5-Trimethoxyphenyi) propyl (25) -1- 
(beniyi~arbamcyi- -2-pyrrolidir,ecarbc thioace ( 40; ; 
5 3-?henyi?ropyl (2S) --- ( dime t h y 1 c a r b amc y 1 ) -2- 

cyrrciiiiriecarbcchioate (41) ; 

2- ?her.ylprcpyl (2S) -1- [ l-pyrrclidm yicarbamcyl ) - 
2-pyrroiidinecarbothioate (41, ; 

3- ?her.yi?ropyi (2S) -1- ' mo rphilinccarb amc y 1 • -2- 
10 pyrroiidinecarbc-hioate (43) ; 

3 -Phenyl? ropy 1 (2S) -1- (diiscprop yicarbamcyl) -2- 
pyrrciidir.ecarbczhioate (44) ; 

3-?henyiprc?yi (2S) -1- [mechyi ( phenyl) carbamoyl j - 
2-pyrrciicir.ecarbothioate (43) ; and 
15 3-?her.yl?ropyl (2S) -1- (diphenylcarbamoyi) -2- 

pyrroiidir.ecarbc thioace . 



The present invention also relates to a 
pharmaceutical composition comprising a 
20 neurotrophical!:/ effective amount of the compound of 

formula I, II/ III or IV, and a pharmaceuticaily 
acceptable carrier. 

The present invention further relates to a method 
of effecting a neuronal activity in an animal, 

.25- comprising: 

administering to the animal a neurotrophical!'./ 
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effective amount of the compound of formula I, 
cr IV. 

The present invention further relates to the use 
of any cf the compounds of Fcrmuia I, II, III, IV or 

5 in Table I beiow in the preparation of a medicament 

for the treatment of a disease such as peripheral 
neuropathy caused by physical injury or disease state, 
physical damage to the brain, physical damage to the 
spinal cord, stroke associated with brain damage, 

3 Alzheimer's Disease, Parkinson's Disease, ant 
amyotrophic lateral sclerosis. 

The cresent invention also contemplates processes 
for manufacturing the novel compounds, particularly 
the processes delineated below in Schemes 1 and 2. 

5 

nP TAILED DESCRIPTION Or THE INVENTION 
Definitions 

"Allcyl" means a branched cr unbranched saturated 
hydrocarbon chain comprising a designated number of 
carbon atoms. For example, C-.-C, straight or branched 
alkvl hydrocarbon chain contains 1 to 6 carbon atoms, 
and includes but is not limited to substituents such 
as methyl, ethyl, propyl, iso-propyl, butyl, isc- 
butyl, tert-butyl, n-pentyl, n-hexyl, and the like, 
!5 " unless otherwise-indicated. 

"Aikenyl" means a branched or unbranched 
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unsaturated hydrocarbon chain comprising a designated 
number of carbon atoms. For example, C : -C s straighc :: 
branched aikenyi hydrocarbon chain contains 2 tc c 
carbon atoms having at least one double bond, and 
5 includes but is not limited to substituents such as 

ethenyi, proper.yi, isc-prcpenyi, butenyl, isc-bucenyl, 
tert-butenyi, n-pentenyi, n-hexenyl, and the Like, 
unless otherwise indicated. 

"Aikoxy" means the group -OR wherein R is aikyl 
10 as herein defined. Preferably, ?, is a branched :r 

unbranched saturated hydrocarbon chain containing 1 zt 
5 carbon acorns . 

"Ar" means an aryi or heteroaryi moiety which is 
substituted or unsubsti tuted, especially a cyclic or 
15 fused cyclic ring and includes a mono-, bi- :r 

tricvclic/ carbo- or heterocyclic ring, wherein the 
ring is either unsubstituted or substituted in one ~z 
five position (s) with halo, haloaikyl, hydroxy!, 
nitro, trifluoromethyl, C-C, straight or branched 
20 chain aikyl, C : -C< straight or branched chain aikenyi, 

C-C* aikoxy, C : -C 5 alkenyioxy, phenoxy, benzyioxy, 
amino, thiocarbonyl, ester, thioester, cyano, irainc, 
alkylamino, aminoalkyl, sulfhydryl, thioalkyi, and 
sulfonyl; wherein the individual ring sizes are 5-5 
.25. members; wherein the heterocyclic ring contains 1-4 
heteroatom(s) selected from the group consisting of Z, 
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N, or 5; wherein aromatic or tertiary alky I amines a're 
optional iy oxidized to a corresponding N-oxide. 
Particularly preferred aryi :: hezeroaryi moieties 
include but are not limited zz phenyl, benzvl, 
3 naphthyi, pyrroiyl, pyrrzliimyi, ?yridinyl, 
pyrimidinyl, purinyi/ quir.zlir.yi, isoquinoiir^yi, 
furyl, thiophenyi, imidazolyl, txazoiyi, thiazciyl, 
pyrazoiyi, and thienyl. 

"Hale" means at least one fluoro, chloro, bromc, 
10 or iede moiety, unless otherwise indicated. 

"?henvi" includes all possible isomeric phenyl 
radicals/ optionally mo no substituted or multi-substi- 
tuted with substituents selected from the grtup 
consisting of amino, halo, haioaikyl, hydroxy, 
15 trif iucrcmethyl, C : -C. straight or branched chain 

alkyl, C : -C, straight or branched chain alkenyi, 
carbonyi, thiocarbonyi, ester, thicester, aikoxy, 
aikenoxy, cyano, nitro, iminc, alkyl ammo, aminoaikyi, 
sulfhydryl, thioalkyl, sulfcnyl, NR 2 wherein R 2 is 
2Q selected from the group consisting of hydrogen, (C : - 

C s ) -straight or branched chain alkyl, (C,-C 5 i -straight 
or branched chain aikenyi or aikynyi, and (C : -C ; ) 
bridging alkyl wherein said bridging alkyl forms a 
heterocyclic ring starting with the nitrogen of NR. and 
•25 ending with one ..of the carbon atoms of said alkyl or 

alkenvl chain, and wherein said heterocyclic ring is 
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optionally fused to an Ar grcup. 

The term "pharmaceutiraily acceptable salt, 
ester, or solvate" refers to salts, esters, or 
solvates of the subject compounds which pcssess the 
5 desired pharmacological activity and which are neither 
biologically nor otherwise undesirable. The salt, 
ester, or solvates can be forr.ed with 'inorganic acids 
such as acetate, adipate, alginate, aspartate, 
bentcate, ber.zenesuifonate, hisuifate, butyrate, 
10 citrate, camp borate, campho r su.i f onace, 

cyclccer.tanepropionate, digiuconate, dodecyisulf ate, 
ethanesulfonate, fumarate, giuccheptanoate, gluconate, 
glycerophosphate, hemisulfate, heptanoate, hexanoate, 
hydrochloride hydrobromide, hydroiodide, 2- 
15 hydroxyethanesulfonate, lactate, maleate, 

methanesulfonate, naphthyiate, 2-naphthalenesuifonate, 
nicotinate, oxalate, sulfate, thiocyanate, tosylate 
and undecanoate. Base salt, ester, cr solvates 
include ammonium salts, alkali metal salts such as 
1 sodium and potassium salts, alkaline earth metal salts 

•such as calcium and magnesium salts, salt with organic 
bases such as dicyclohexylaaine salts, N-methyi-2- 
glucamine, and salts with amino acids such as 
arginine, lysine, and so forth. Also, the basic 
.25 nitrogen-containing groups can be quarternited with 

such agents as lower alkyi '-slides, such as methyl, 
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ethyl, propyl, and butyl "1 — ice, brcmides ar-d 
iodides; diaikyl sulfates like dimethyl, diethvi, 
dibutyi and diamyi sulfates, long chain halides such 
as decyi, iauryl, mynstyl and stearyl chlorides, 
z brcmides and iodides, aralkyl halides ii>e benzyl and 
phenethyi bromides and others . Water or oil-soluble 
or dispersibie produces are thereby obtainec. 

The compounds oi this, invention may possess at 
lease one asymmetric 'center and onus can be produced 
10 as mixtures of stereoisomers or as individual 

enar.ticmers or diastereomers . The individual 

stereoisomers may be obtained by using an optically 
active starting material, by resolving a racemic or 
nor.- racemic mixture of an intermediate at some 
15 appropriate stage of the synthesis, or by resolution 

of the comcound of formula (I, . It is understood that 
the individual stereoisomers as well as mixtures 
(racemic and no n- racemic) of stereoisomers are encom- 
passed by the scope of the present invention. The 3- 
' 20 stereoisomer at atom 1 of formula I is most preferred 

due- to its greater activity. 

"Isomers" are different compounds that have the 
same molecular formula and includes cyclic isomers 



sue 



h as ( iso ) indole and other isomeric forms or cycii 



25 moieties. 

•'s'^-ry.sc:^:^' -re jsr-nsrs cr.st -iiff-r only in 



WO 98/29117 



PCT/US97/24Q70 



i 



the way the atoms are arranged in space. 

"Ir.ancicmers" are a pair of stereoisomers th-- 
are ncr.-superimpcsable mirror images cf each ether. 

"Tiasterecisomers" are stereoisomers which ara 
5 not mirrcr images of each other. 

"P.acemic mixture" means a mixture ccn caininr 
equal carts cf individual enar.t icmer's . "Nen-racemi: 
mixture" is a mixture containing unequal cares : : 
individual enar.ticmers or stereoisomers. 
10 The cern "preventing neurscegeneraticr." as usee 

herein includes the ability to prevent 
neurodegeneration in patients newly diagr.csec as 
having a neurodegenerative disease, or at risk: cf 
developing a new degenerative disease and for 
15 preventing further neurodegeneration in paciencs whe 

are already suffering from cr have sympt-ms cf a 
neurodegenerative disease. 

The term "treatment" as used herein ccvers any 
treatment of a disease and/or condition in an animal, 
20 particularly a human, and includes: 

(i) preventing a disease and/or condition from 
occurring in a subject which may be predisposed to the 
disease and/or condition but has net yet been diag- 
nosed as having it; 
25 (ii) inhibiting the disease and/or condition, \ 

i.e., arresting its development; or 
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(in) relieving Che disease and/or condition, 
i.e., causing regression of che disease and/or condi- 
tion . 

The system used in nailing zr.e compounds of che 
5 eraser." invention is shown below, using a compound of 
formula IV as an example. 

A compound of the present invention, especially 
Formula IV, wherein n is 1, X is 0, Y is (CH : 5 : , Z is 
CH, C is 3-pyridyl, D is H, w is 0, U is N, ?,1 is K 
10 and 9.2 is 2-mechyibucyl , is named 3- (2-pyridyl) -1- 

prcpyimercaptyi (2s) -I- [ (2-methyibutyi) carbamoyl] 
pyrrclidine-2-carbcxyiate . ■ 

impounds of the Invention 
1^5 xhe neurotrophic low molecular weight, small 

molecule FK3? inhibitor compounds of this invention 
have an affinity for FX3P-cype irrrjunochilins, such as 
FK3P12 . When che neurotrophic compounds zz this 
invention are bound to an FKBP-cype immunophilin, they 
' ' have been found to inhibit the proiyl-peptidyl cis- 

zrans isomerase activity, or rocamase, activity of the 
binding protein and unexpectedly stimulate neurice 
growth . 

Specific exemplifications of these embodiments 
..25 are presented in TABLE I. 
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TABLE I : CCMPOUNDS 
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The compounds of the present invention exist ss 
stereoisomeric forms, either enar.tiomers or 
diasterec isomers . Included wi-hin the scope of -th a 
invention are the enanticmers, "he racemic form, ar.d 
5 diastereoiscmaric mixtures. Inar.tiomers and 

diastereoisomers can be separated by methods known 
to those skilled in the art. 



Methods of Using the Compounds of the In vention 

10 The compounds of the present invention have an 

affinity for the FK506 bindir.r protein, particularly 
FK3P12, which is present in the neuronal tissue. 
When the inventive compounds bind to FX3P in 
neuronal tissue, they exhibit excellent neurotrophic 

15 activity. This activity is useful in the 

stimulation of damaged neurons, the promotion of 
neuronal regeneration, the prevention of 
neurc degeneration, and the treatment of several 
neurological disorders known to be associated with 

n 0 neuronal degeneration and peripheral neuropathies. 
For the foregoing reasons, the present 
invention further relates to a method of effecting a 
neuronal activity in an animal, comprising: 

administering to the animal a neurotrophicaily 

25 effective amount of a compound of formula I, II/ HI 

or IV. 
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In a preferred embodiment , the neuronal 
activity is selected frora the group consisting of 
stimulation of damaged neurons, promotion of 
. neuronal regeneration, prevention of 
5 neurodegeneration and treatment o z neurological 
disorder. 

The compounds of the present invention are 
particularly useful for preventing neurodegeneration 
in patients suffering from a neurodegenerative 
10 disease or who have symptoms of a neurodegenerative 
disease. The compounds are also useful for 
preventing neurodegeneration in patients newly 
diagnosed as having a neurodegenerative disease or 
at risk for developing a neurodegenerative disease. 
15 These compounds are also useful for, but net limited 

to, preventing neurodegeneration in patients 
suffering from Parkinson's disease or having 
symptoms of Parkinson's disease. These treatment 
methods are exemplified in the MPT? Model and data 
?0 described herein. 

The neurological disorders that may be treated 
include but are not limited to: trigeminal 
neuralgia; glossopharyngeal neuralgia; Bell's Palsy; 
myasthenia gravis; muscular dystrophy; amyotrophic 
25 lateral sclerosis; progressive muscular atrophy; 

progressive bulbar inherited muscular atrophy; 
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herniated; ruptured or prolapsed invertebrate disfc. 
syndromes ; cervical spondylosis; plexus disorders; 
thoracic cutlet destruction syndromes; peripheral 
neuropathic such as those caused by lead, dapsone, 
5 ticks, porphyria, or Guillain-Barre syndrome; 
Alzheimer's disease; and ?ar-:inson * s disease. 

The expounds of the present invention are 
particularly useful for treating a neurological 
disorder selected from the group consisting of: 

10 peripheral neuropathy caused by physical injury or 
disease state, physical damage co the brain, 
physical damage to the spinal cord, stroke 
associated with brain damage, and neurological 
disorder relating to neurodeger.eration . Examples of 

15 neurological disorders relating to neurodegeneraticr. 
are Alzheimer's Disease, Parkinson ! s Disease, and 
amyotrophic lateral sclerosis. 

Pharmaceutical Compositions of the Invention 
The present invention aisc relates to a pharma- 

20 eeuticai composition comprising: 

(i) a neurotrophical ly effective amount of the 
compound of formula I, II, III or IV, and 

(ii) a pharmaceutically acceptable carrier. 
The above discussion relating to the utility 

25 and administration of the compounds of the present 
inversion also applies to the pharmaceutical 
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compositions of the present: ir.ver._ior.. 

The term "pharmaceutical!*/ acceptable carrier" 
as used herein refers to any carrier, diluent, 
excipient, suspending agent, lubricating agent, 
adjuvant, vehicle, delivery system, emulsifier, 
dis integrant, absorbant, preservative, surfactant, 
colorant, fiavorant, or sweetener. 

For these purposes the ccmpcur.ds z z the present 
invention may be administered orally, parenterally, 
by inhalation spray, topically, rectaily, nasally, 
buccaliy, vaginally or via an implanted reservoir in 
dosage formulations containing conventional non- 
toxic charmaceutically-acceptabie carriers, 
adjuvants and vehicles. The term parenteral as used 
herein includes subcutaneous, intravenous, 
intramuscular, intraperitoneal!:/, intrathecaily, 
intraventricular!'/, intrasternal and intracranial 
injection or infusion techniques. 

For oral administration, the compounds of the 
present invention may be provided in any suitable 
dosage form known in the art. For example, the 
compositions may be incorporated into tablets, 
powders, granules, beads, chewable lozenges, 
capsules, liquids, aqueous suspensions or solutions, 
or similar dosage forms, using conventional 
equipment and techniques knew- in the arz. Tablet 
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dosage forms are preferred. Tablets may contain 
carriers such as lactose and corn search, and/ or 
lubricating agents such as magnesium stearate. 
Capsules may contain diluents including lactose and 
5 dried corn starch. Aqueous suspensions may contain 
emulsifying and suspending agents combined with the 
active ingredient . 

When preparing dosage form inccrpc rating the 
compositions of the invention, the compounds may 

10 also be blended with conventional excipients such as 
binders, including gelatin, pregelatinized starch, 
and the like; lubricants, such as hydrogenated 
vegetable oil, stearic acid, and the like; diluents, 
such as lactose, mannose, and sucrose; 

15 disintegrants, such as carboxymethyiceilulose and 

sodium starch alveolate; suspending agents, such as 
povidone,' polyvinyl alcohol, and the like; 
absorbents, such as silicon dioxide; preservatives, 
such as methylparaben, propylparaben, and sodium 

20 benzoate; surfactants, such as sodium iauryl 

sulfate, polysorbate 80, and the like; colorants 
such as F.D.& C. dyes and lakes; fiavorants; and 
sweeteners . 

Compositions and methods cf the invention also 
25 mav utilize controlled release technology. Thus, 
for example, Che inventive ccrr.pcur.ds may be 
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incorporated into a hydrophobic cclvner matrix for- 
controlled release over a period z z days. Such 
controlled release films are well >r.owr. tc the arc. 
Particularly preferred are trans carnal delivery 
5 systems . Other examples of polymers commonly 

employed for this purpose that may he used m the 
present invention include ncr.degradable ethylene- 
vinvi acetate copolymer and degradarle lactic acid- 
glycolic acid copolymers which may he used 
10 externally or internally. Certain hydrogeis such as 
polv (hvdroxye thy lmethacry late or p z ly ( vinyl alcohol 
also may be useful, but for shorter release cycles 
then the other polymer releases systems, such as 
•those mentioned above. 
15 To be effective therapeutically as central 

nervous system targets, the compounds of the present 
invention should readily penetrate the blood-brain 
barrier when peripherally administered. Compounds 
which cannot penetrate the biocd-brain barrier can 
- a be effectively administered by an intraventricular 
route or other appropriate delivery system suitable 
for administration to the brain. 

The compounds of the present invention may be 
administered in the form of sterile injectable 
■25 preparations, fq,r example, as sterile injectable 
aqueous cr oleaginous suspensions. These 
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suspensions may be formula tec according to 
techniques known in the art using suitable 
dispersing or wetting agents and suspending agents. 
th a srerile injectable preparations may also be 
5 sterile injectable solutions z r suspensions in non- 
toxic parenterally-acceptable diluents or solvents, 
for example, as solutions in 1, 3-cucanedioi . Among 
the acceptable vehicles -and solvents that may be 
employed are water, Ringer's solution and isotonic 
10 sodium chloride solution. In addition, sterile, 

fixed oils are conventionally employed as solvents 
or suspending mediums. For this purpose, any bland 
fixed oil may be employed including synthetic mcnc- 
or di-glycerides . Fatty acids such as oleic acid 
15 and its glyceride derivatives, including olive oil 

and castor oil, especially in their polyoxyethylated 
versions, are useful in the preparation of 
injectables. These oil solutions or suspensions may 
also contain long-chain alcohol diluents or 
70 dispersants. 

The compounds of this invention may also be 
administered rectally in the form of suppositories. 
These compositions can be prepared by mixing the 
drug with a suitable non-irritating excipient which 
25 is solid at room temperature, but liquid at rectal 

temperature and, therefore, will melt in the rectum 
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to release the drug. Such materials include cocoa- 
'butter, beeswax and polyethylene glycols. 

The compounds of this invention may also be 
• administered topically, especially when the 
3 conditions addressed for treatment involve areas or 
organs readily accessible by topical application, 
including neurological disorders of the eye, the 
skin, or the lower intestinal tract. Suitable 
topical formulations are readily prepared for each 
10 of these areas. 

For topical application to the eye, or 
ophthalmic use, the compounds can be formulated as 
micrcnized suspensions in isotonic, ?H adjusted 
sterile saline, or, preferably, as solutions in 
15 isotonic, pK adjusted sterile saline, either with :r 
without a preservative such as benzyialkcnium 
chloride. Alternatively for the ophthalmic uses the 
compounds may be formulated in an ointment such as 
petrolatum. 

70 r cr topical application to the skin, the 

compounds can be formulated in a suitable ointment 
containing the compound suspended or dissolved in, 
for example, a mixture with one or more of the 
following: mineral oil, liquid petrolatum, ■ white 

.25 petrolatum, propylene glycol, poiycxyethyiene 
polycxypropylene compound, emulsifying wax and 



50 



WO 98/29117 



PCTAJS97/24070 



water. Alternatively, the compounds can be 
formulated in a suitable lotion cr cream containinc 
the active compound suspended cr dissolved in, for 
example, a mixture of one or mere of the following: 
5 mineral oil/ scrbitan mencs tearate, pclyscrbate 60, 
cecyi esters wax, cetearyi alcohol, 2- 
octyidcdecanol, benzyl aicoh:! and water. 

Topical application for the' lower intestinal 
tract an be effected in a rectal suppository 
10 formulation (see above) or in a suitable enema 

formulation . 

Dosage levels on the order of about 0.1 mg to 
about 10,000 mg of the active ingredient compound 
are useful in the treatment of the above conditions, 
15 with preferred levels of about ?.l mg to about 1,000 

mg. The amount of active ingredient that may be 
combined with the carrier materials to produce a 
single dosage form will vary depending upon the host .' 
treated and the particular mode of administration. 
-q it is understood, however, that a specific dose 

level for any particular patient will depend upon a 
variety of factors including the activity of the 
specific compound employed, the age, body weight, 
general health, sex, diet, time of administration, 
..25 rate of excretion, drug combination, and the 

severity of the particular disease being treated and 
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form of administration. 

The compounds can be administered with other 
neurotrophic agents such as neurotrophic growth 
• factor (NG?)/ glial derived rrowch factor, brain 
5 derived growth factor, ciliary neurotrophic factor, 
and neurotropic- 3 . The dosage level of other 
neurotrophic drugs will depend upon the factors 
previously stated and the neurotrophic effectiveness 
of the drug combination. 

10 

The present invention relates to the use of any 
of the compounds seen in Table I in the preparation 
cf a medicament for the treatment of a disease such 
as peripheral neuropathy caused by physical injury 
15 or disease state, physical damage to the brain, 

physical damage to the spinal cord, stroke 
associated with brain damage, .-.loheimer * s Disease, 
Parkinson 1 s Disease, and amyotrophic lateral 
sclerosis . 

20 The present invention also contemplates 

processes for manufacturing the novel compounds, 
particularly the processes delineated in schemes 1 
and 2 . 
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Methods of Making the Compounds of the Invgnt^rv. 
The novel compounds of this inversion may be 
readily prepared by standard techniques of organic 
chemistry/ utilizing the general synthetic pathwav 
5 depicted below. As described by Scheme 1, cyclic 

amino acids 1 protected by suitable blocking groups 
P on the amino acid nitrogen rtay be reacted with 
thiols RSH to generate thioesters 2. After removal 
of the protecting group, the free amine 3 may be 
10 reacted with a variety of istcyanates or 

isothiocyanates to provide the final ureas or 
thioureas , respectively. 
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Isccyanates (R'NCO) or iscthiocyanates (R'NCS)- 
4 may be conveniently prepared from "he 
corresponding readily available amines by reaction 
with chosgene or thiophcsgene, as depicted in Scheme 



Thiols R-SH may be conveniently prepared 
from the corresponding readily available alcohols or 
halides via a two step replacement of halide by 
sulfur, as described in Scheme 3. Halides may be 
reacted with thiourea, and the corresponding alkyi 
thiouronium salts hydrolyzed to provide chic Is P.5K. 
If alcohols are used as the starting materials, they 
may be first converted to the corresponding halides 



2. 



W 




SCHENE 2 



bv standard methods. 
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-OH 



PBn 
or 

CBro/PtaP 



I) 



NH2 NH2 



■Br 



■SH 



2) OH" 



SCHEME 3 



Examples 

The following examples are illustrative of the 
present invention and are net intended to be limita- 
5 tions thereon. Unless otherwise specified, all 

percentages are based on 100* by weight of the final 
compound . 

EXAMPLE i 

10 s r Kr,Psis nf -j-n-Pv ^Mun-l-r-cnvl^orcaiOtv 1 - 2S-1- 

(1) 

^_ ( 3-Pyridvl ^ - 1 -opov '-c'p lor ide 
15 Tc a solution of 3- ( 3-?yridyl) -1-procancl (10 

g; 72.4 mmol) in chloroform (100 rtiL) was added 
dropwise a solution of thionyi chloride (12.9 g; 
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108.6 mmol) in chloroform (30 mL) . The resulting 
mixture was rafiuxad for 1 hcur, char, poured into 
ice-ccid 50* aqueous potassium hydroxide (150 mL) . 
The layers were separated, ar.d che organic phase was 
5 dried, concentrated, and purified on a silica gel 

cciusr., e luting with 40? ethylacetate ir. hexar.e, tc 
obtain 10 g (65%) of the chlcride as a clear cii, '-K 
NMR -;300 MKZ, CDClj) : 5 2.02-2.11 (m, 2K. ; 2.7" { a , 
2K) ; 3.51 (m, 2H) ; 7.20 (m, 1H; ; 7.49 (m, IKS; 3.45 

io (m, 2:-:; . 

A mixture of 3-(3-cyridyl: -l-prc?ylchloride (3 
g; 13.4 mmci) and thiourea {1.43 g; 15.4 mmol, in 
15 ethanol (10 mL) was refiuxed f = r 24 hours. Aqueous 
sodium hydroxide, 15 mL of a 0.75 N solution, was 
added, and the mixture was refiuxed for an 
additional 2 hrs . After cooling to room temperature, 
the solvent was removed in vacuo. Chromatographic 

20 purification of the' crude thiol on a silica gal 
column eiuting with 50% ethyl acetate in hexane 
delivered 1.2 g of 3- (3-Pyridyl) -l-prcpyimerca?tan 
as a clear liquid l H NMR (300 MHZ, CDCi : .i : 5 1.34 (m, 
IK); 1.90 (m, 2H) ; 2.52 (m, 2H) ; 2.71 (m, 2K) ; 7.31 

25 (m, 1H); 7.47 (m, 1H) ; 8.42 (m, 2K) . 
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n-o-.,-— -iyll -1 -srnpvb»^ast:vl M- f r« — - 
hm-y lv;xvc« -hr-n vl > o</~~n 1 idir.e-?-" rboxyla?:? 

A mixture cf N- ( terc-butyiycxycarbonyl'- - (S! - 
: proline (3.0 g; 13.9 mmol) ; 2- ( 3-?yridyl) -1- 
5 p r c c y 1 -a r c a? c an (3.20 g; 20.9 mmcl) , 

dicycichexyicarbcdiimide (4.59 g; 22.24 ncci) , 
camchcrsuifcnic acid (1.03 g; 4.62 mac I) , ar.i 4- 
dimethyiaminopyridir.e (0.60 g; 4.53 ramci) ir. dry 
methylene chloride (100 rtiL) was stirred overnight. 
10 The reaction mixture was diluted with methylene 

chloride (50 rciL) and water (100 mL) , and the layers 
were separated. The organic phase was washed with 
water (3 x 100 roL) , dried over magnesium sulfate, 
and concentrated, and the crude residue was purified 
15 on a silica gel column elutir.g with ethyl acetate to 
obtain 4.50 g (95%) of the thicester as a thick oil, 
'-H NMR (300 MHZ, CDCl,) : 5 1.43 (s, 9H) ; 1.70-2.05 
(m, 5K) ; 2.32 (m, 1H) ; 2.71 (-, 2H) ; 2.85 (m, 2H) ; 
3.50 (a, 2H) ; 4.18 (m, 1H) ; 7.24 (m, IK); 7.51 (a, 
20 1H) ; 3.43 (a, 2H) . 

n-Pvridvl) -l-oroovlmerr^Dtvl nvrrolidlne-2- 

A solution of 3- (3-?yridyli -i-mercaptyl N- 
25 ( cert-butyiyoxycarbonyi) pyrrol idine-2-carbcxylate 

(4.50 c; 13.1 mmol) in methylene chloride (50 mL) 
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and trif iuoroacetic acid (6 ml) was stirred a- rc-crr\ 
temperature for three hours . Saturated potassium 
carbonate was added until the pH was basic, and the 
: reaction mixture was extracted with methylene 
5 chloride (3x) . The combined organic extracts were 

dried and concentrated to yield 2.36 g (75*; of the 
free -:ae as a thick oil, H MM?. (300 MHZ , Z2C10 : 3 
1.37-2.20 (m, 6K) ; 2.79 (m, 2H. ; 3.03-3.13 n, 4H 
total-; 3.34 (m, 1H) ; 7.32 im, IHi ; 7.50 (-, 1H) ; 
10 3.57 (m, 2H) . 

7- t yoyr jdvl ) -l-crocvl—r — otyl " 2- 

mprh'/lbt^vl 1 carbamoyl 1 pvrrc-lidi»a-2-c -"bnxvl-"g (1) 
A solution of 2-methylbutyiamir.e (113 mg; 1.3 mmol) 
15 and tr iethyiamine (132 mg; 1.3 mmol) in methylene 

chloride (5 mL) was added to a solution of 
triohcsgene (123 mg; 0.43 nasi; in methylene 
chloride (5 ml) . The resulting mixture was refluxed 
for 1 hour and then cooled to room temperature. 3- 
20 ( 3-Pyridyl) -i-propyimercaptyi pyrroiidine-2- 

carboxyiate (300 mg; 1.3 mmoii in 5 mL of methylene 
chloride was added and the resulting mixture was 
stirred for 1 hour and then partitioned between 
water and a 1:1 mixture of ethyl acetate and hexane. 
25 The organic chase was dried, concentrated and 

purified by column chromatography ( 50^ ethyl 
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acecaze/haxana ) to obtain 250 rag (55%) e f ~~e 
compound of Example 1 (1, Table li as an. cil, 'H 
NMR (200 MHZ , CDC1 3 ) : d l H MM?. (CDCl,, 300 MHZ): o 
0.89-0.93 (m, 6H) ; 1.10-1.20 (a, 1H) ; 1.27 ( 5 , 1E) . 
1.36-1. 50 (m, 2H) ; 1.72 is, 2H',.; 1.97-2.23 Jn, 5H) ; 
2.70-2.75 (m, 2H) ; 2.92-3.54 {=-., 6H) ; 4.45-4.47 »», 
1H) ; 7.21-7.29 (m, IK); 7.53-7.55 (dd, 1H) ; 3.46- 
8 .48 (s, 2H) . 



. Example 2 

Synrha;-- of 3- ' 3-Pvridyl) -l-crco-/l 2 5 - 1 - f ' 1 ' . I ' - 
Dirtier hvls roo'/l ) carbamoyl 1 cvrr? _ idip.e-2-carbo:<'/lata 
(2) 

Reaction of 3- (3-pyridyi) -l-prcpyimarcaptyi 
pyrrolidine-2-carboxylate wicr. "he isocyanaca 
generated from c ere- amy 1 amine ar.d triphosgene, as 
described for Example 1, provided the compound of 
Example 2 (2, Table 1) in 62% yield, l H NMR (CDCl,, 
300 MHZ) : 5 0.83 (t, 3H) ; 1.27 (s, 6H) ; 1.64-1.71 
(m, 2HJ ; 1.91-2.02 (m, 7H) ; 2.66-2.71 (t, 2H) ; 2.35 
(m, 2K) ; 3.29-3.42 (m, 2H) ; 4.11 (br, 1H) ; 4.37-4.4] 
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..V 



: - - - 1 



^ t/71 -u a8<g 3g i-n-nvridvM-:-rr"-:im?rr = = -vl 
. i !rvrl'h»wi "h ift f a rhamrtv 1 1 -r vr rr 1 i dir. - 
5 r^rWr,xvUt3 

a. mixture of c yc io hex yi i s c cl" i : c y a r, a t e 120 rag; C.9 
mmoll, 3- (3-pyndyl) -i-propylnercaptyi pyrrclidir.e- 
2-carboxyiate (200 mg; 0.9 mr.-i) and triethylami-e 

10 (90 mg; 0.9 mmol) in 20 raL c f methylene chloride was 

the resulting mixture was. stirred for 1 r.cur and 
then partitioned between water ar.d a 1:1 mixture of 
ethyl acetate and hexane. The organic phase was 
dried, concentrated and purified by column 

15 chromatography (50% ethyl aca-a-s/hexar.a; to obtain 
160 mg (47%) of the compound of Example 3 (7, Table 
I), NMR (CDC!,, 300 MKZ) : 5 1.16-1.43 (m, 6H) ; 

1.50-1.71 (m, 4H) ; 1.95-2. OS (m, 7H) ; 2.70-2.75 it, 
2H) ; 3.03 (m, 2H) ; 3. 40-3. 60 :m, 2H) ; 4.95-4.99 (d, 

to ih) ; 5.26-5.29 (d, 1H) ; 7.17-7.25 im, 



25. cvrlflhex 'H ^rhamovl) - 

2 -ovrrol ^ nurrarbothiaats ( 1"? ; 
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The compound was prepared in accordance with 
the procedures used in the above examples and 
yielded an cpcically pure compound as a s"ic:< white 
solid, wich a chemical formula of C :: K : .. : N : 0 : S , a 
5 molecular weighc of 375.55, X (C£Ci 3 , 200 MHZ; : 

5 1.10-1.19 (m,4H); 1.30-1.33 (m, 3K) ; 1.51-1.71 
(m,2H); 1.84-2.03 <m, 6H) ; 2.53 ( z, 2H, J=7 . 75) ; 2.37 
(t,2K, J=7.57) ; 3.33-3.39 (m, 1H; ; 3.45-3.50 fx, IK) ; 
3.63-2.57 (si, IK); 4.13 (d, 2H, J=7 . 3 5 ) ; 4.55 
10 (dd, IK, J=2.14,6.05) ; 7.11-7.29 (m, 5K) . Thin Layer 

Chromatography yielded a result of R ; = 0.42 (50% 
ETOAc/Kexane) . 

15 Svnthepi-s of Ph^nethvl f 2S1 -H- t cvclohgxvlca. rbamovl) - 

2 -ovrr~> I idip.Rcarbothioate (13) 

The compound was prepared in accordance with 
the procedures used for the above examples and 
yielded an optically pure compound as a clear oil 

?0 with a molecular formula of C :; H :2 N 2 0 : S, molecular 
weight of 360.63, l H NMR (CDC1 : , 300 MHZ) : 5 1.06- 
1.33 (m,7H); 1.61-1.72 (m, 2H! ; 1.93-2.13 (m, 4H) ; 
2.84 (t,2H, J=7.57) ; 3.10 ( t, 2H, J=7 . 0) ; 3.33-3.35 
(m,lH); 3.44-3.45 (m, 1H) ; 3.54-3.67 (m, 1H) ; 4.17 

25 (bd, 1H, J=7.94) ; 4.55 (bd, IK, J=3 . 37) ; 7.20-7.21 

(m,5K». Thin Layer Chrmoatography yielded a result 
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of R, = 0.13 (50* Hexane:ETC.-.ci . 

S VT r^ ; ;; .-f i- (2 , 3 . 5-Tri.T.gthylcr.er.vU srocvl 
5 ad^-vl^^^ovli -^-ovrr-lidir.ecarbcthlate (L9) 

The compound was prepared i~ accordance with 
the above examples and yielded =r. optically cure 
compound as a colorless oil wi~r. a molecular formula 
of C :e r:,. : N : 0 : S, molecular weight of 468.65, K NMR 
10 (CDC1,, 300 MKZ) : 6 1.50 (s,3H); 1.67 (bs,5K); 1.32- 

1.90 (m,2K); 2.01 (s,6H); 2.15-2.20 (m, 4H) ; 2.10 
(s,3K); 2.15 (s,3K); 2.19 (s,3H;; 2.63 
(t,2H, J=6.66) ; 3.30 (m, IK) ; 3.42 (m, 1H) ; 4.15 
(s,lK); 4.52 (m, IK) ; 7.01 (d, 2H, J=10 . 43 ) . Thin 
15 Layer Chromatography yielded a result of R : - = 0.32 

(8 0* EtOAc/hexane) . 



gynf^cH* of V(?.3.5- Tr^oKn7L:r.o fi vi)nmo'/l l- 
-0 (rvrlflhMr^hamfl v l < i i necarbothiQS.'-.e . (20) 

The compound was prepared in accordance with 
the procedures used in the above examples and 
yielded an optically pure compound as a colorless 
oil with a molecular formula of C :i H„N : O : S-0 .75 H 2 0, a 
25 molecular weight of 430.13, -H NMR (CDC1,, 300 MKZ): 

5 1.05-1.19 (m,3H); 1.22-1.43 ia, 2H) ; 1.53-1.55 
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(m, IK); 1.71-1.74 (m,2K); 1.73-1.30 (m, 2H) ; 1.31- 
1.85 (m,3H); 1.96-2.03 (m, 2K) ; 2.10 (s,3H); 2.15 
(s,3H) 2.20 (s,3H); 2.63 ( t , 2H, J=7 . 95 ) ; 2 . 90 (t,2K); 
3.33 (q, IF.) ; 3 .40-3 .43 (m, IH} ; 3.51-3.59 (.-, 1H) ; 
5 4.19 (d, 1H, J=3.22) ; 4.56 (c, IH) ; €.95 

(d, 2K, J=12 . 05) . Thin Layer Chromatography yielded a 
result of ?. ; = 0.47 (30% EtCAo/hexane; . 



10 Sw-.asis nf 3- f3--luorschgr.vl'-=rr J ovl. 

(O/cL^hexv i ~?.rbasio«/l ) -2-ovrrt 1 idir.scarbothi--;*. ^ (21) 

The compound was prepared in. accordance with 
the procedures used in the aicve examples an yielded 
an optically pure compound as a white solid with a 

15 molecular formula of C ; .H ;5 N ; C : 5F, a molecular weight 
of 392.56, -H NMR <CDC1 ; ., 30C MHZ) : 5 1.07-1.43 
(m, 6H); 1.63-1.73 {m, 2H) ; 1.37-2.09 (cm, 7Hi ; 2.67 
(t,2H, J=7.46) ; 2.35 ( t, 2K, J=7 . 45) ; 3.35-3 .37 (m, 1H) ; 
3.46-3.48 (m, IK); 3.55-3.67 (m, IE) ; 4.19 

20 (d, IH, J=7 .84) ; 4.55 (d, IK, J=7 . 90) ; 6.34-6.95 (m, 3H) ; 

7.21-7.24 (m, IK) . Thin Layer Chromatography yielded 
a result of R ; = 0.19 (20% EtOAc/hexane) . 

EXAMPLE 9 

25 Svnt-hosi <s 3-f?-Fii;oroo har.vL-5r: = vl f2S)-l-'l- 

adamantvl ra.rbamcvl) -2-nvrrolidinecarbot:hioarg (22) 
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The compound was prepared ir. accordance with 
the procedures used in. Che above examples and 
yielded an optically pure compound as a colorless 
oil with a molecular formula of C : =H 3 , M : 0 : 3F, a 
5 molecular weighc of 444.64, NM3. (CDC1 J( 2C0 MHZ) : 
5 1.56 (bs,5K); 1.99 (s,2H); 2.04 (bs, 6H) ; 2.06-2.19 
(bs,6K); 2.25 (m, 1H) ; 2.59 (c,2H:; 2.35 (t,2H); 3.42 
(m,!H); 3.57 (m, IK) ; 4.25 (m, 2H; ; 4.57 (m, IK) ; 7.05 
(m, 2H) ; 7.13 (m, 2H). Thin Layer Chromatography 
10 yielded a result of R : - = 0.70 ( Z "O.-.c ) . 



EXAMPLE. 10 

Synthesis r?f 3- ' 2-FluorochenyH crocvl f2S)-l- 

( cvc 1 oh , ^xy lea rbair.py 1) -2-cyrrc-lidir.ecarbothioate (23) 

15 The compound was prepared m accordance with 

the procedures used in the above examples and 
yielded an optically pure compound as a white solid 
with a molecular formula of C :: H :> M : 0 : 5~, a molecular 
weight of 392.55, l H NMR (CDClj, 200 MHZ): 5 1.23- 

20 1.32 .(m, 3K) ; 1 . 41-1 . 49 (m, 3H) ; 1.74-1.32 (m, 2H) ; 

1.93-2.09 (cm, 6H]; 2.15-2.23 (m, 1H) ; 2.73 (t,2H); 
2.94 (t,2H); 3.42-3.51 (m, IK) ; 3.54-3.61 (m, 1H) ; 
3.61-3.74 (m, 1H) ; 4.24 (d, IK) ; 4.56 (d, LH) ; 6.91- 
7.03 (m,2K); 7.15-7.24 (m, 2H) . Thin Layer 

25 Chromatography yielded a resuic cf R-- = 0.55. 
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Synthesis of 3- ( 4-Methvl3hqr.vl ■ croo'/l f 2S> 
( ryclo^ , Q-<yI barney 1 ^ -2-cvrrt L idinecarbo thi^a^a (24) 
The Compound was prepared in accordance with 
5 Che procedures used in the above examples and 

yielded an opcicaliy pure compound as a white solid 
with a molecular formula of C :: H :: M : O : S-0 .25 EtOAc, a 
molecular weight of 410.60, H NMR (CDC1 3 , 300 MHZ): 
5 1.01-1.21 <m,3H); 1 . 30-1.44 (m,2H); 1.61-1.59 
10 (m,2H); 1.75-2.13 (cm,9H); 2.30 (5,3k); 2.53 (c,2H>; 

2.84 (t,2H); 3.51 (q, 1H) ; 3.55-3.59 (m, 1H) ; 3.72- 
3.76 (m,lH); 4.21 (d, 1H); 4.59 (d, 1H) ; 7.05-7.25 
(m, 4H) . Thin Layer Chromatography yielded a result 
of R, =0.84 (30% ZtOAc/hexane) . 

15 

EXAMPLE 12 

Svnthgsjg nf 3- M-MethvLohenvl * oroovl f2S)-l-'l- 
adamantrvl rarhamovl) - 2-ovrr nl idi^ca rbnt-hieate (25) 
The compound was prepared in accordance with 

n 0 the procedures used in the above examples and 

yielded an optically pure compound as a colorless 
oil with a molecular formula of C 2S H 37 N : O : S-0 - 10 
EtOAc, a molecular weight of 450.46, l H NMR (CDC1 3 , 
300 MHZ) : 6 1.54 (s,5H); 1.65 (bs,6H); 1.85 (q, IE); 

25 2.03 (s,8H); 2.09 (s,4H); 2.53 (t,2H); 2.86 (t,2H); 

3.33 (c,lH); 3.35 (m, 1H) ; 4.03 <s,lK); 4.52 (d,lH); 



65 



WO 98/29117 PCI7US97/24070 

7. 03-*. 14 (m, 4K). Thin Layer Chromatography yielded 
a result of R ; = 0.63 (30% EtOAc/hexar.e) . 



example 12 

5 5vr.t-.ha.gi- rsr 3- ? hvloher.vl • crac/1 ■ ~g i 

h^vl-sro *^-/ 1 1 -2-Pvrr-liriip.ec = rbcthi-=-g (25) 

The compound was prepared in accordance with 
che procedures used in the above examples and 
yielded an optically pure compound as a colorless 

10 oil with a molecular formula or C :C H, 0 M ; 3 : 5-0 . 3 K : 0, a 

molecular weight of 367.94, : H NMR [CZZL lt 300 MHZ): 
5 1.43 (s,9H); 1.32-1.31 (m, 2H; ; 1.95-2.13 im, 4Hi ; 
2.31 !s,3H); 2.76 (t,2K); 2.39 (t,2E); 3.41-3.43 
(m, IK) ; 3.46-3.49 (m, IK) ; 4.24 fos, IK', ; 4.61 (d, IK) ; 

15 .7.09-7.12 (m,4H). Thin Layer Chromatography yielded 
a result of R : - = 0.50 (50% EtOAc/hexar.e ; . 

. EXAMPLE 14 
Svnthes^- of 3- ( 2-Chloroohenv 1 ■ rroov l <2S)-i- 
?1 n/rlnnaxvl rarh-mov l ) -?-nvrrnl * -v -scarce thicate (27) 

The Compound was prepared in accordance with 
the procedures used in the above examples and 
' yielded an optically pure compound as a light foam 
with a molecular formula of C^H^CKSCl, a molecular 
25 weight of 403.99, -K MMR (CDC1,, 400 MHZ) : 5 1.05- 

1.42 lm,7H); i. 61-1.78 (m, 3H) ; 1. 33-2. 17 (m, 5H) ; 



66 



WO 98/29117 PCT/US97/24070 



"•'#;{ 2.37 (c,2H) ; 3.05 (q,2K); 3.42 (q, IK) ; 3.57 (a, 1H) ;. 

3.61-3.57 (m, IK) ; 4.21 (d, IK) ; 4 .54 (d, 1H) ; 7.20- 
7.31 im, 3K) ; 7.55-7.59 (m, IK) . Thin Layer 
Chromatography yielded a result cf R ; = 0.73 
5 (EtOAc)'. ■ 



EXAMPLE 1 5 

' (C. Svntheg * g n z 3- '3 , 5-Pimgtho:<*~her.vl ■ crccvl 2S) -1- 

^ f r f is i -1- f 1-naohthy 1 ) ethyl 1 - - = rbamoyl 1 -2- 

10 gvrrnli^ln.gcarhn^hioata (28) 

The compound was prepared in accordance with 
' the procedures used in the accve examples and 

•/ yielded an optically pure ccrr.pcund as a colorless 

oil with a molecular formula of C :5 H, .N : O : S-0 . 75 H : 0- 
15 0.50 ZtOAc, a molecular weight of 573.04, : K NHR . 

(CDClw 400 MKZ) : 5 1.55 (d, 3K, J=S . 75) ; 1.33-1.96 
iza, 2H); 1.99-2.07 (m, 3H) ; 2.50 ( t, 2H, J=7 . 51 ) ; 2.35 
(t,2H, J=7.27) / 3.29-3.53 (m, 2H) ; 3.73 (s,6K); 4.56 
(d, IK, J=6 .10) ; 4.76 (d, 1H, J=7 . 51) ; 5.78-5.79 (m, IK) ; 
20 6.29-5.32 (m, 3K) ; 7.40-7.75 (m, 4K) ; 7.31 

(d, IK, J=6 .90) ; 7.33 (d, IK, J=7 .33) ; 3.17 
(d, 1H, J=7 .72) . Thin Layer Chromatography yielded a 
result of R- = 0.09 (50% EtOAc/hexane) . 

25 PvnMPLE 16 

Svnrh.asiq nf 3 , f-Dichen vl r?rncvl <25\ -1- f ( ■ f 1 . 3 , 3- 
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te^rgimgf hv Lbn^'/l. ^ carbamo y L 1-2- 
cvrro 1 idine " rbc- thioate (29) 

The compound was prepared in accordance with 
the procedures used in the above examples and 
5 yielded an optically pure compound as a colorless 
oil with a molecular formula cf C :? H 4C N : C : S-0 .23 
EtQAc, molecular weight of 3 C 2 . 7 4 , : H MI-!?. (CDC1 : , 40C 
MHZ): 5 0.33 (i, 2H, J~6 . 57} ; 1.02 (s,9H); 1.41 
(s,3K); 1.42 <s,3H); 1.81 (d, 1H, J=14 . 90) ; 1.65 

10 (d, IE, J=14 .90) ; 2.04-2.07 (m, 1H) ; 2 . 29 

(q,2H, J=7.83) ; 2.77 ( t , 2H, J=6 . 97 ) ; 3.29-2.30 (m, IK) ; 
3.40-3.42 (m,lH); 4.00 ( t , IK, J=7 . 33 ) ; 4.32 (s,lH); 
4.53 (dd f 1H,. 1=1.96,-7.92} ; 7.10-7.27 (m, 10H) . Thin 
Layer Chromatography yielded a. result of R f = 0.43 

15 (50% EtOAc/hexane) . 

EXAMPLE 17 

Synthesis 3-Cvc lr>he:<y Icrocvl f 2 5 > -1 - r ( 2 , 6- 
diisoprcnylphgnv l^ carbamoyl 1 -2- 

?0 pyrrPiid ^nor^rbothioate < 31 > 

The compound was prepared in accordance with 
the procedures used in the above examples and 
yielded an optically pure compound as a white solid 
with a molecular formula of C : -H ;: N ; 0 : S, a molecular 

25 weight of 453.53, l K NMR (CDC1 2 , 400 MHZ): 5 0.76- 

0.91 (m,2H); 1.15-1.43 (m,13H); 1.59-1.51 (m, 2H) ; 
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1. 63-1. 32 (m, 5K); 2,09-2.3 5 [-, 4H) ; 2.8 3 (t,2K); 
3.24 (t,2K); 3.51-3.79 (m, 2H) ; 4.67-4.71 (m, 1H) • 
7.15-7.20 (m,2K); 7.26-7.31 in, IK) . Thir. Layer 
Chromatography yielded a result of R ; = 0.72 (50% 
5 EtOAc/hexane) • 

Svr.rhggig nz 3-ryrl3hexylcr-r:'"l ?2S''-1- 



f h g y. v- 1 c 3 ^ H s m ^ ' / 1 ^ - 2 - e ' / r r n 1 1 d 1 - » - a r b o ^ h i ? a r a (32) 
10 The compound was prepared in accordance with 

■ the procedures used in the arcve examples and 
yielded an optically pure compound as a colorless 
oil with a molecular formula cf C :i H 2e N : O : S-0 . 05 H : 0, a 
molecular weight of 483.51, K MMR ( CDC1 3 , 400 MHZ): 
15 5 0.75-0.91 (m,2H); 1.15-1.43 (m, 13H) ; 1.59-1.61 

(m, 2K); 1.63-1.32 (m, 5H) ; 2.05-2.35 (m, 4E) ; 2.33 
(t,2K); 3.24 (t,2K); 3.51-3.73 im, 2H) ; 4.67-4.71 
(m, IK); 7.15-7.20 (m,2H); 7.25-7.31 (m, 1H) . Thin 
Layer Chromatography yielded a result of R ; = 0.35 
"0 (50% EtOAc/hexane) . 

FXAMPT.E 19 

SynrHagj g nf 1 , nh°nvlnmrv' I ?S ) -1 - r ( 2 , 4- 
dimafhcxynhanvli cr^mnvl 1 -?-r.vm Lid! necarhorhloaSS 

25 (33) 

The compound was prepared in accordance with 
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the procedures used in the above exmap les ar.d 
yielded an optically pure ccmpour.d as a white solid 
with a molecular formula of C ;: .H 32 N : O.S , ~o lecular 
- weight of 504.33, '-H NMR (CDCi : , 400 MHZ;: 5 2.05- 
5 2.19 (m, 4K); 2.30 (q, 2H, J=3 . IS) ; 2.73 

(td,2K, J=2.39,7.10) ; 3.53 (q, IK, J«7 . 57 ; 3.55-3.75 
(m, IK); 3.77 (2,3K); 3.30 (s,3K); 3.99 
(t, IK, J-7.76) ; 4.55 (dd, IK, J=2 .03,3.12 ; 6.43-6.45 
(m, 2K) ; 7.14-7.23 (m, 10H) ; 3.05 i d, IK, J=9 . 5 - : . Thi: 
10 Layer Chromatography yielded a resuic cf R f = 0.53 
(EtOAc) • 



"XAMPL" 20 

15 Sv/nfragis of 3- n. 5-Dimethoy-,-ohe nvl' or-nvl f25l -1- 

f f M_S. 2 p > -^-cha^vl-^vrloorocv 1 - 1 carbamoyl ' -2- 
ovrro 1 i . dingca rboth i oate ( 34 ) 

The compound was prepare in accordance with tne 
procedures used in the above examples and yielded an 
"0 optically active compound as an oil wi~h a molecular 
formula of C :s H, 2 N : O 4 S-0 . 4 H,0, a molecular weight of 
475.82, l H NMR (CDClj, 300 MKZ) : 5 0.86-0 .33 (m, 1H) ; 
1.12-1.21 (m,2K); 1.82-1.92 (m,2K); 1.94-2.02 
(m,2H); 2.05-2.12 (m, 2K) ; 2.50 ( t, 2K, J=7 . 8 5) ; 2.84 
25 (dt,2K, J=7.04) ; 3.33-3.35 (m, IK) ; 3.4 5-3.43 (m, 1H) ; 

3.75 (s,6H); 4.53 (d, 1H, J=5 . 35 i ; 4.97 .bs,iHi; 5.23- 
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6.32 (31, 2K); 7.12-7.25 (m, 6Ki . Thin Layer 
• Chromatography yielded a result of R ; = 0.55 (90% 
ZtOAc/hexane) . 

5 EXAMPLE 21 

Synthesis of 3-?henvloroovI ' 2?' -I- r o , 4- 

(35) 

The compound was prepared in accordance with 
10 the procedures used in the accve examples' and 

yielded an optically active compound as an oil with 
a molecular formula of C :3 H :9 N : 3-S , a molecular weight 
of 429.57, "-K NMR (CDClj, 300 MHZ): 5 1.35-1.90 
(m,2H); 2.05-2.19 (m, 4H) ; 2.57 ( t, 2H, J=7 . 52 ! ; 2.87 
15 (t,2H, J=5.61) ; 3.53-3.63 (m, IH) ; 3.72-3.75 (m, 1H) ; 

3.77 (s,3H); 3.33 (s,3H); 4.53 (dd, IK, J=2 . L6, 8 . 11) ; 
6.43-5.46 (m,2H); 6.30 (s,lK); 7.14-7.19 (m, 3H) ; 
7.24-7.23 (m, IK); 3.06 (d, IK, J=7 .31). Thin Layer 
Chromatography yielded a result of R ; - 0.45 (50* 
20 EtOAc/hexane) . 

EXAMPLE 72 
Synthesis of 3-°henvloroDvl '25^-1- fl- 
adajnant-vlcarbaBiov! ) -?-oyrrolidinacarhoi-hioata (35) 
2 5 The compound was prepared in accordance with 

the procedures used in the above examples and . 
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yielded a.-, optically pure compound as a colorless 
oil wi~h a molecular formula of C :5 H^N : 0 : S, a 
molecular weighc of 426.64, H NMP„ (CDCi ; ., 300 MHZ): 

5 1.59-1.56 (m,6H); 1.33-2.14 (m, 14H) ; 2.53 

5 (t,2H, J=7.57) ; 2.36 ( t , 2H, J=7 . 23 ) ; 3.33-3.43 (m, IHi ; 

4.12 (d,2H, J-7.L2) ; 4.53 (dd, IK, J-2 . 16, 3 .16) ; 7.12- 
7. 25 (m,5r*). Thin. Layer Chromatography yielded a 
result of = 0.55 (505 EtGAc/hexane) . 

10 

EXAMPLE 2 3 
Synch =»= is o f 3-?henvlcroovl (25"-l-(l- 
cyclc h qxvlca rbamov I ^ -2-ovrro 1 idir.arrarbc chic-ace (37) 
The compound was prepared in accordance with 
15 the procedures used in the above examples and 

yielded an optically pure compound as a sticky white 
solid with a molecular formula of C : -_H ; . : M : 0 : S, a 
molecular weight of 375.56, -H MMR (CDCI,, 300 MKZ) : 

6 1.10-1.19 (m,4H); 1.30-1.33 (m, 3H) ; 1.61-1.71 

20 (m, 2H); 1.34-2.03 (m, 6H} ; 2.65 ( t, 2H, J=7 . 75 ) ; 2. SI 

(t,2'H, J-7.57); 3.33-3.39 (m, IK) ; 3.46-3.50 (m, 1H) ; 
3.63-3.67 (m, 1H); 4.18 (d, 2H, J=7 . 35) ; 4.55 
(dd, 1H,J-2.14, 6.05) ; 7.11-7.29 (m, 5H) . Thin Layer 
Chromatography yielded a result of R : - = 0.43 (50% 

25 EtOAc/hexane) . 
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Ki Test Procsdura 
Inhibition of the peptidyi-prolyi isomerase 
(rotamase) activity of the inventive compounds car. 
be evaluated by known methods described in the 
5 literature (Harding, et ai., Mature, 1999, 341:753- 

760; Hole et ai. J. Am. Cham. Sec . , 115:992 2-9933). 
These values are obtained as apparent Ki 1 s and are 
presented in Table II. The cis-zrans isomerization 
of an alanine-proline bond in a model substrate, N- 
10 succir.yl-Aia-Aia-Pro-Phe-p-nitroanilide, is 

monitored spectrophotometries!!*/ in a chymotrypsin- 
coupled assay, which releases cara-ni troaniiide from 
the zrar.s form of the substrate. The inhibition of 
this reaction caused by the addition of different 
15 concentrations of inhibitor is determined, and the 

data is analyzed as a change in first-order rate 
constant as a function of inhibitor concentration to 
yield the apparent Ki values. 

In a plastic cuvette are added 950 mL of ice 
20 cold assay buffer (25 mM KEPIS, pK 7.8, 100 mM 

NaCl), 10 mL of FKBP (2.5 mM in 10 mM Tris-CI pH 
7.5, 100 mM NaCl, 1 mM dithio threi tol ) , 25 mL of 
chymotrypsin (50 mg/ml in 1 mM HC1) and 10 mL of 
test compound at various concentrations in dimethyl 
25 sulfoxide. The reaction is initiated by the 

addition of 5 mL of substrate isuccinyi-Ala-?he-?rc- 
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Phe-para-nitroanilide, 5 rag /ml in 2.35 mM LiCI in 
. trif iutroethanol) . 

The absorbance at 390 nr. versus time is 
mom "red for 90 seconds using a spectrophc tcmeter 
5 and the race constants are determined from the 
abscrcanoe versus time data files. 

The data for chese experiments for 
representative compounds are presented in Table II 
under the column "Ki". 
10 The neurotrophic effects of the compounds of 

the present invention can be demonstrated in 
cellular biological experiments in vitro, as 
described below. 



15 Chick Dorsal Root Ganglion 

Cultures and Neurits Outgrowth 
Dorsal root ganglia were dissected from chick 
embryos of ten day gestation. Whole ganglion 
explants were cultured on thin layer Matrigel-coated 

20 12 well plates with Liebovitz L15 plus high glucose 

media supplemented with 2 mM glutamine and 10% fetal 
calf serum, and also containing 10 uM cytosine !i-D. 
arabinofuranoside (Ara C) at 3"°C in an environment 
containing 5* CO : . Twenty- four hours later, the 

25 DRGs were treated with various immunophilin iigands. 

Forty-eight hours after drug treatment, the ganglia 
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were visualized under phase crr.trast or Hoffman 
^t:. :< Modulation contrast with a Zeiss £;<iovert inverted 

microscope. Photomicrographs of one expiants were 
/? ; made, and neurite outgrowth was quantitated. 

^ 5 Meurites longer than the DRG diameter were counted 

as positive, with total number of neurites 
quantitated per each experimental condition. Three 
to four DRG s are cuicured per well, and each 
treatment was performed in duplicate. 
10 The data for these experiments for 

representative compounds are presented in Table II 
'I under the column "ED 50 " . 
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TABLE II : a) 
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TABLE 1Kb) 
In Vitro Tes~ P.esul 

Ex . Mo . ED5Q. nM., 

.40 

]_ ++++ 

2 +++ 

3 +++ 

4 ++ 

45 5 +++ 

6 ++ 

7 +++ 

5 +++ + 
9 ++++ 

50 10 +++ 

11 " +++ 

12 ■* ,++ 
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Table TTfd : Murnerlgal *r. Vir.ru Tsst 
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t. Relative potencies of compounds are ranked 
according to the following scale: denotes Ki 

or ED50 < 1 nM; +++ denotes Ki :: ED50 of 1-30 nM; 
denotes Ki or ED 50 of 51-200 nM; +■ denotes Ki \ 
40 ED of 201-500 nM; * denotes Ki or ED50 of > 500nM. 
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m ptp Model of Parkinson r s Disease 
The remarkable neurotrophic and 
neurodegenerative effects cf the present inventive 
compounds can be further demonstrated in an animal 
5 model cf neurodegenerative disease. MPT? lessening 

of dopaminergic neurons in mice is used as an animal 
model of Parkinson 7 s Disease. Four week eld male 
GDI white mice are dosed i.e. with 30 mg/kg cf MPT? 
for 5 days. Test compounds (4 mg/kg), or vehicle, 
10 are administered s.c. along with the MPT? for 5 

days, as well as for an additional 5 days following 
cessation of MPT? treatment. At 1= days following 
MPT? treatment, the animals are sacrificed ar.c the 
striata are dissected ana perfusion- f ixed. 
15 Immunostaining is performed on saggitai and coronal 

brain sections using anti-tyrosme hydroxylase i g 
to quant itate survival and recovery of dopaminergic 
neurons. In animals treated with MPT? and vehicle, 
a substantial loss of functional dopaminergic 
20 terminals is observed as compared to non-lesior.ed 

animals. Lesioned animals receiving test compounds 
show a significant recovery of TH-stained 
dopaminergic neurons. Data from this model presents 
quantitation for the recovery of T»?ositive 
25 dopaminergic neurons in the striatum of animals 

receiving the compounds cf the present invention. 
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Data from representative control and lesior.ed 
animals not receiving the test drugs also presents 
quantitation of effaces in the absence of the 
compounds of the present ir.ver.~ion. 
5 The phrase "preventing r.eurodeger.eraticn" 

relates to the remarkable ability of the compounds 
of the present invention to significantly prevent 
nerve damage when the compounds are given 
concurrently with a lesioning agent, such as MPT? . 
10 This also provides a reasonable correlation between 
the scope of the claims and the ability to prevent 
neurc degeneration in patients newly diagnosed as 
having a neurodegenerative disease, or at risk of 
developing a neurodegenerative disease. The 
15 compounds also provide methods for preventing 

further neurodegeneration in patients who are 
already suffering from or have symptoms of a 
neurodegenerative disease. 

The invention being thus described, it will be 
20 obvicus that the same may be varied in many ways. 
Such variations are not to be regarded as a 
departure from the spirit and scope of the invention 
and ail such modifications are intended to be 
included within the scope of the following claims. 
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WHAT IS CLAIMED IS: 



1. . a . ccmcound of formula I: 




■V-/ 



or a pharmaceutical ly accep .able sale, ester, or 
solvate therec f , wherein: 

A and B are taken together with the nitrogen 
LO and carbon atoms to which they are respectively 

attached to form a 5-7 member ad saturated or 
unsaturated heterocyclic ring containing any 
combination of CH : , 0, 3, 3C, S3 : , NH or MR,; 
X is either 0 or 5; 
15 Y is a direct bond to Z, a C-C, straight or 

branched chain aikyl, or a C : -C. : straight or branched 
chain alkenyl, wherein any cf the carbon a terns of 
said aikyl or alkenyl are opticnaiiy substituted in 
one or more positions with anir.o, halo, halcalkyl, 
20 thiocarbonyl, ester, thioester, alkoxy, alker.cxy, 

cyano, nitro, imino, alkyiamir.c, aminoaikyi, 
sulfhydryl, thioalkyl, suifenyl, oxygen to fcrti a 
• ■ carbenyi, or wherein any of the carbon atoms of said 
aikyl or alkenyl are optionally replaced with C, NH, 
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NR : , 5, SO, or SG : , wherein R : is selected from the.. 
■ group consisting of hydrogen, (C : -C 5 ) -straight or 
branched chain alkyl, (Cj-C s ) -straight or branched 
; chain alkenyl cr aikynyi, and (C ; -C.) bridging alkyl 
5 wherein said bridging alkyl ftrms a heterocyclic 
ring smarting with the nitrogen of NR, and ending 
with one of the carbon atoms cf said alkyl or 
alkenyl chain, and wherein said heterocyclic ring is 
optionally fused to an Ar grtup; 

10 Z is a direct bond, or a C : -C.- straight or 

branched chain alkyl, or a C ; -C. : straight or branched 
chain alkenyl, wherein any cf the carbon atoms of 
said alkyl or alkenyl are optionally substituted in 
one or more positions with aziino, halo, haloalkyl, 

15 thiocarbonyl, ester, thioester, alkoxy, alkenoxy, 
cyano, nitro, imino, alkylamino, aminoalkyl, 
sulfhydryl, thioaikyl, sulfcnyl, oxygen to form a 
carbonyl, or wherein any of the carbon atoms of said 
alkyl or alkenyl are optionally replaced with 0, NH, 

70 NR 2 , S, SO, or S0 : , wherein R : is selected from the 

group consisting of hydrogen, ;c : -C s ) -straight or 
branched chain alkyl, (C 3 -C s ) -straight or branched 
chain alkenyl or alkynyl, and (C : -C 4 ) bridging alkyl 
wherein said bridging alkyl fcrms a heterocyclic 

25 ring starting with the nitrogen of MR. and ending 
with one of the carbon atoms cf said alkyl cr 



WO 98/29117 



PCT/US97/24070 



aikenyi chair., ar.d wherein said heterocyclic ring i, s 
optionally fused to an Ar group; 
C and D are independently: 

hydrogen, Ar, C : -C • straight or branched chain 
5 alkyl, or C : -C 5 straight or branched chain aikenyi, 

wherein any of the carbon atoms of said alkyl or 
alker.yl are optionally substituted in one or no re 
position is) with C 3 -C d cycloaikyi, C 5 -C- cycioaikenyl, 
hydrcxyl, carbonyl oxygen, or Ar, wherein said 
10 alkyl, aikenyi, cycloaikyl or oycioaikenyl groups 

are optionally substituted with C--C,- alkyl, C : -C, 
aikenyi, hydroxy, amine, halo, haioalkyl, 
thiocarbonyi, ester, thioester, alkoxy, alkenoxy, 
cyano, nitro, imino, aikylamino, aminoalkyi, 
15 sulfhydryl, thioalkyl, sulfonyl, wherein any of the 

carbon atoms of said alkyl or aikenyi are optionally 
substituted in one or more positions with oxygen to 
form a carbonyl, or wherein any of the carbon atoms 
of said alkyl or aikenyi are optionally replaced 
?0 with 0, NH, NR 2 , 3, SO, or S0 : , wherein is 

selected from the group consisting of hydrogen, (C- 
C s ) -straight or branched chain alkyl, (C-.-C J - 
straight or branched chain aikenyi or aikynyl, and 
(C,-C.) bridging alkyl wherein said bridging alkyl 
25 forms a heterocyclic ring starting with/ the nitrogen 

of MR. and ending with one of the carbon atoms of 
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said alkyl or alkenyi chain, and wherein said 
heterocyclic ring is optionally fused to an Ar 
group; 

wherein Ar is an aryi c r hezeroaryi moieuv 
5 which is substituted or unsubs.i cuted; 
W is oxygen or sulfur; 

U is either 0 or N, wherein when U is C, then 
R : is a Lone pair of electrons and R : is selected 
from the group consisting of: 

10 Ar as defined above, C 2 -" = cycioaikyl, C-C- 

straight or branched chain alkyl or alkenyi, or C : -C, 
straight or branched chain alkyl or alkenyi 
substituted in one or more pcsi.ions with Ar, amino, 
halo, haioalkyi, hydroxy, trif luoromethyl, C-C s 

15 straight or branched chain alkyl, C : -C 6 straight or 

branched chain alkenyi, carccr.yi, thiocarbonyl, 
ester, thioester, alkoxy, alkenoxy, cyano , nitro, 
imino, alkylamino, aminoaikyi, suifhydryl, 
thioalkyl, sulfonyl, substituted alkyl or alkenyi 

20 wherein any of the carbon atcms of the alkyl or 

alkenyi are optionally replaced with S, SO, SO : , 0, 
or NR : wherein R : is selected from the group 
consisting of hydrogen, (C : -C.-) -straight or branched 
chain alkyl, (C ? -C 6 ) -straight or branched chain 

25 alkenyi or alkynyl, and (C : -C : i : bridging alkyl' 

wherein said bridging alkyl forms a heterocyclic 
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ring scarring with the nitrogen cf N?. : and ending 
with one of the carbon atoms of said aikyl :: 
alkenyi chain, and wherein said heter:oyclio ring is 
optionally fused to an Ar group or C : -: : cyolcaikyl; 
5 .and when " is N, R- and ?. : are seleoted 

independent iy from the group cons is tin; of: 

hydrogen, Ar as defined above, C : -Z: cytloaikyl, 
C--C, straight or branched chain aikyl :r alkenyi, or 
C : -C, straight or branched chain aikyl :r alkenyi 
10 substituted in one or more positions with Ar, an::, 

halo, haloalkyi, hydroxy, trif iuoromethyi, C : -C 5 
straight or branched chain aikyl, C : -C,- straight :r 
branched chain alkenyi, carror.yi, ehiz rarbcnyl , 
ester, thioester, aikoxy, aikenoxy, cyano, nitre, 



15 iminc, alkylamino, aminoaikyl, suifhydr 



thioaikyl, suifonyl, substituted aikyl or alkenyi 
wherein any of the carbon ato&s of the aikyl : r 
alkenyi are optionally replaced with S, SO, 3C : , Z, 
or NR^ wherein R : is selected from the group 

20 consisting of hydrogen, (C ; -C,-) -straight or branched 

chain aikyl, (C 2 -C s ) -straight or branched chain 
alkenyi or alkynyi, and (C,-C ; ) bridging aikyl 
wherein said bridging aikyl fcrms a heterocyclic 
ring starting with the nitrogen of NR : and ending 

25 with one of the carbon atoms cf said aikyl or 

alkenyi chain, and wherein said heterctyoiio rinr is 

34 
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optionally fused to an Ar group c: C : -C, cyclcalkyl;. 

or R l and R : may be taken together to form a 
heterocyclic ring. 

5 2. The compound of claim 1, wherein the mono- or 
cicyclic, carbo- or heterocyclic ring is selected 
from the group consisting of naphthyi, indoiyl, 
furyl, thiazciyi, thienyi, pyridyl, and phenyl. 



10 3. The compound of claim 1, wherein the compound 

has an affinity for FKBF-type immuncphiiins . 

4. The compound of claim 3, wherein the FX3?- type 
immunophilins are FX3P12. 

15 

5. The compound of claim 1, wherein the compound 
inhibits rotamase enzyme activity. 

6. The compound of claim 1, wherein the compound is 
20 -selected from the group consisting of: 

3-Phenyl?ropyi (2S) -1- ( 1-cyclohexylcarbamoyl) - 
2-pyrrolidinecarbothiate (17) ; 

Phenethyl . (2S) -N- (cyclohexyicarbamoyl) -2- 
pyrrolidinecarbothiate (18) ; 
25 3- (2, 3, 5-Trimethylphenyi) propyl 

adaman t y 1 c a r b amo y I ) -2-pyrrciidir.ecarbothioate (19) ; 
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3- (2, 3, 5-Trimethylphenyl : propyl 1- 
(cyclohexylcarbamoyl) -2-pyrrclidi-eoarbc-hloa-e 

(20) ; 

3- ( 3-Fluorcphenyi) propyl (2S) -1- 
5 (Cyclobexyicarbamoyi) -2-pyrrcliiirxScarbc-hioazs 

(21) ; 

3- • 2-Fluoropher.yl) propyl • 2 5 j - 1 - : 1 - 
adama--ylcarba.Ticyl) -Z-pyrrolidir.ecarbozbica-e .22. ; 
3- (2-?lucropher.yli propyl -:2S) -1- 
10 (cyclohexylcarbamoyl) -2-pyrrcliiinecarbc-r.ioate 

(23) ; 

3- (4-Methylphenyl) propyl (25) -1- 
( cyclohexylcarbamoyl) -2-pyrrolidir.eoarbo-hioaue 

(24) ; 

15 3- (4-Methylpb.enyl) propyl (25) -1- : 1- 

adamantylcarbamoyl) -2-pyrroiidir.ecarbc -bica.e (13': ; 

3- < 4-Methylpheriyl) propyl .23; -1- ; cer.- 
butylcarbamoyl) -2-pyrrolidinecarbc thloate (25) ; 
3- (2-Chlorophenyl) propyl (23) -1- 
20 cyclohexylcarbamoyl) -2-pyrrolidmecarbot:bioace 2") ; 

3- (3, 5-Dimethoxyphervyl) propyl 25) -1-i [ (IS; -1- 
(1-naphthyl) ethyl] -carbamoyl } -2- 
pyrrolidinecarbothioate (23) ; 

3, 3-Dipher.yiprcpyl (2S) -1- {['- , 1, 3, 3- 
25 tetramechylbutyl ) carbamoyl] -2- 

pyrrolidinecarbothioate (29) ; 
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3-Cyclohexylpropyl (2S) -1- { (2, 6- 
diisoprcpyipherv/l) carbamoyl] -2- 
pyrrolidinecarbothioate (31) ; 

3-Cycichaxylpro?yl ( 25) -1- ( hexy lea rbamc yl ) -2- 
5 pyrrolidinecarbcchioaze (32); 

3, 3-Di?her.ylpropyl (2S) -!-[ (2, 4- 
dimechcxyphanyl) carbamoyl] -2-pyrroLidi-ecarbcthioate 
(33) ; 

3- (3, S-Dimethcxv^henyl) propyl (2S! -l-( [ 1 15, 2R) - 
10 2-pher.yl-cyclopropyl] carbamoyl; -2- 
pyrrclidinecarbothicate (34) ; 

3-?henylpropyi (25) -1- [ [2, 4- 
Dime.hcxyphenyl) carbamoyl] -2-pyrrolidinecarbcchioate 
(35); 

15 3-?henyl?ropyi ( 2S) -1- ( 1 -adamant yicarbamoyl) -2- 

pyrrclidinecarbothicate (3 5) ; 

3-?h9ayl?ropyl (2S) -1- ■• 1-cyciohexylcarbamoyl) - 
2-pyrrclidinecarbothioate (37; ; 

3-Phenylpropyl (2S) -1- [ 1 -adamant ylamino ) 
20 (thioxo) -methyl] -2-pyrrolidinscarbothioate (33) ; 

3- (3, 4, S-Trimethoxypher.yi) propyl (2S) -1- 
(hexylcarbamoyi) -2-pyrrolidinecarbothioate (39) ; 

3- (3, 4/ 5-Trimethoxyphenyl) propyl (2S) -1- 
(benzylcarbamoyi) -2-pyrrolicinecarbothioate (40) ; 
25 3-?henyl?ropyl (2S) -1- ( dimechylcarbamoyl i -2- 

pyrroiidinecarbcthioace (41! ; 
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3 -Phenyl? ropy I (2S) - I- -: 1 -pyrrol icin.y it arbonyl}.- 
2-pyrrc lidinecarbo thicate (42:- ; 

3-?henyipropyl (2S) -1- imcrphiiint carbcnyi) -2- 
• pyrroiidinecarbcchioate (43); 
5 3-?henyipropyl (23) -I- ; dii sop rep yl carbamoyl! -2- 

pyrroiidmecarbcthioate (44; ; 

3-?henyipropyl (23) -1- ■ 
[methyl (phenyl) carbamoyl ] -2-pyrrolidir.ecarbr thioate 
(45) ; and 

10 3-?henyiprcpyl ( 23) -1- i diphenylcarbamc yl ; -2- 

pyrrciidinecarbc thioate (46) . 

7. A pharmaceutical composition comprising a 
15 neuro trcphically effective amount of the compound of 

claim 1 and a pharmaceutical ly acceptable carrier. 

3. a method of effecting a neuronal activity in an 
animal, comprising : 
20 administering to the animal a neuro trcphically 

effective amount of the compound of claim 1. 

9. The method of claim 3, wherein the neuronal 
activity is selected from the group consisting of 
25 stimulation of damaged neurons, promotion of 

neuronal regeneration, prevention of 
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neurodegenerat ion and treatment c f neurological 
disorder . 

10. The method cf claim 9, wherein the neurological 
3 disorder is selected from, the g " up consisting of 

peripheral neuropathy caused by physical injury or 
disease state, physical damage to the brain, 
physical damage to the spinal cere, stroke 
associated with brain damage, and neurological 
10 disorder relating to neurodegenerat ion . 

11. The method of claim 10, wherein the 
neurological disorder relating to neurodegenerat ion 
is selected from the group consisting of Alzheimer's 

15 Disease, Parkinson's Disease, and amyotrophic 
lateral sclerosis. 

12. A compound of formula II: 




Ri 

20 II 

or a pharmaceutical!:/ acceptable salt, ester, or 
solvate thereof, wherein: 
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I, z, G and H are independently CH : , C, S, 50,.. 
30 :/ NH or MRi wherein at Leas* two of E, F, G, and H 
are CH : ; 

X is either 0 or S; 
5 Y is a direct bond to I, a C-C, straight or 

branched chain alkyi, cr a Z-Z, straighc :: branched 
chair, aikenyi, wherein any of the carbon acorns of 
said alkyi or aikenyi are optionally subscicuced in 
one cr -ore positions with artinc, halo, haicalkyi, 
10 thiccarbcnyi, ester, thicescer, aikoxy, aikencxy, 
cyano, nitre, imino, aikylar.ir.o, amincalkyi, 
sulfhydryl, thioalkyi, suifenyl, oxygen co form a 
carbenvi; cr wherein any of the carbon actrr.s of said 
alkyi or aikenyi are optionally replaced with G, NH, 
15 MR,, 3, SO, or S0 2 , wherein ?. : is selected from the 

group consisting of hydrogen, (C : -C.) -straight or 
branched chain alkyi, <C 2 -C,i -straight cr branched 
chain aikenyi or alkynyi, and (C-C 4 ) bridging alkyi 
wherein said bridging alkyi forms a heterocyclic 
20 ring starting with' the nitrogen of NR : and ending 

with one of the carbon atoms z f said alkyi cr 
aikenyi chain, and wherein, said heterocyclic ring is 
optionally fused to an Ar group; 

Z is a direct bend, or a C : -C. : straight or 
25 branched chain alkyi, or a C : -C, straight cr branched 
chain aikenyi, wherein any cf the carbon attms of 
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said aikyi or aikenyi are optionally substituted 
one cr mere positions with amr.o, halo, haicaikyl, 
thiocarbonyl, ester, thioester, aikoxy, alkencxy, 
cyar.c, nitre, iminc, aikyia-inc, amincaikyi, 
5 sulfhydryl, thioalkyl, sulfcnyl, oxygen, to form a 

carbenyi, or wherein any of the carbon atoms of said 
aikyi cr aikenyi are optionally replaced with 0, n:-:, 
NR*, 3 , SO, or S0 : , wherein ?. : is selected from the 
group consisting of hydrogen, iC : -C$) -straight or 

10 branched chain aikyl, (C ; -CJ -straight or branched 

chain aikenyi or aikyr.yl, and ;C : -C 4 ) bridging aikyi 
wherein said bridging aikyi forms a heterocyclic 
ring starting with the nitrcger. of MR, and ending 
with one of the carbon atoms z i said aikyl cr 

15 aikenyi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group; 
C and D are independently: 

hydrogen, Ar, C,-C s straight or branched chain 
aikyl, or C : -C^ straight or branched chain aikenyi, 

70 wherein any of the carbon atoms of said aikyl or 
aikenyi are optionally substituted in one or more 
position(s) with C : -C, cycloaikyl, C 5 -C T cycloalkenyi, 
hydroxyl, carbonyl oxygen, cr Ar, wherein said 
aikyi, aikenyi, cycloaikyl cr cycloalkenyi groups 

25 are optionally substituted with C : -C 5 aikyl, C : -C s 
aikenyi, hydroxy, amino, hale, haloalkyl, 
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thiocarbonyi, ester, thicester, aikcxy, aikenoxy, 
cyanc, nitro, imino, aikyia.-ino, a-incalkyi, 
suifhydryl, thioaikyi, suifcnyi, wherein any of the 
carbon acorns of said aikyl :: aikenyi are cpcionaiiy 
5 substituted in one or more positions with oxygen to 

form a carbcnyl, or wherein any of the carbon acorns 
of said aikyl or aikenyi are opcionaliy replaoed 
with C, NH, N*R ; , 5, SO, or S2 : , wherein R : is 
selected from the group consisting :f hydrogen, (C : - 
10 C 3 ) -straight or branched chain aikyl, (C 3 -C s )- 

straight or branched chain aikenyi :r aikynyl, and 
(C : -C.) bridging aikyi wherein said bridging aikyl 
forms a heterocyclic ring starting v;i~h the nitrogen 



of MR, and ending with one of the carbon atoms of 



15 



said aikyl or aikenyi chain, and whe 



rein said 



heterocyclic ring is optionally fusee to an Ar 



group; 



wherein Ar is an aryi or hetercaryi moiety 



which is substituted or unsubs tituted; 



20 



W is oxygen or sulfur; 



U is either 0 or N, wherein when U is 0/ then 



R, is a lone pair of electrons and ?. : is selected 
from the group consisting of: 



25 



Ar as defined above, C,-C, cycicaikyl, C-.-C, 
straight or branched chain aikyl or aikenyi, or C-.-C. 
straight or branched chain aikyl or aikenyi 
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substituted ir. one or more positions with Ar, amino, 
" halo, halcalkyi, hydroxy, trif iuoromethyi, c : -C s 
straight or branched chain alkyl, C : -C^ straight or 
branched chain alkenyl, carbcnyi, thiccarbcr.yi, 
5 ester, thioester, alkcxy, alker.cxy, cyano, nitre, 
inline, aikyiamino, aminoalkyi, suifhydryl, 
thicaikyl, suifonyL, substituted alkyl or alkenyl 
wherein any of the carbon atczr.s of the alkyl or 
alxenyi are optionally replaced with 5, SO, S0 : , C, 
10 or NR : wherein R : is selected from the group 

consisting of hydrogen, (C.-C.;/ -straight or branched 
chain alloy! , ;C,-C 5 ) -straight :r branched chain 
alkenyl or alkynyl, and (C,-C,'; bridging alkyl 
wherein said bridging alkyl forms a heterocyclic 
15 ring starting with the nitrogen of NR- and ending 

with one of the carbon atoms cf said alkyl or 
aikenyi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group cr C-.-Cz cycloaikyl; 
and when U is N, R ; and R : are selected 
20 independently from the group consisting of: 

hydrogen, Ar as defined above, C,-C, cycloaikyl, 
Cx-C* straight or branched chain aikyl or alkenyl, or 
C-C* straight or branched chain alkyl or alkenyl 
substituted in one or more positions with Ar, amino, 
25 halo, haioalkyi, hydroxy, trif iucromethyi, C : -C s 

straight or branched chain alkyl, C : -C. : straight or 
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branched chain alkenyi, carbcr.yi, thiocarbonyi, 
ester, thioescer, aikexy, alkencxy, cyano, nitro, 
imir.c , alky 1 amino , amir.oaikyl , sui f hydryi , 
thioaikyi, sulfonyi , sub5Citu.ee aikyi or alkenyi 
5 wherein any cf the careen accrr.s of the aikyi or 

alkenyi are optionally replaced wich S , SG, 5G :/ o, 
or NR : wherein R : is selected f rem the group 
consisting or hydrogen, (C : -C,. -straight or branched 
chain aikyi, (C 3 -CJ -straight cr branched chain 

10 alkenyi cr.aikynyl, and (C : -C-- bridging aikyi 

' wherein said bridging aikyi ferns a heterocyclic 
ring .starting with the niercgen of MR, and ending 
with one of the carbon acorns tf said aikyi or 
alkenyi chain, and wherein said heterocyclic ring is 

15 optionally fused to an Ar grcuc or C 2 -C 5 cycioaikyl; 

or R : and R : may be taken eegether to form a 
heterocyclic ring. 

13. The compound of claim 12, wherein Ar is 

20 seleceed from the group consisting of naphthyl, 

indoiyi, furyl, thiazolyl, ehienyl, pyridyl, and 
phenyl . 

14. The compound cf claim 12, wherein the compound 
.25 has an affinity for FK3?-type immunophiiins . 
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15. The compound of claim 14, wherein the ??3?-type 
immuncphiiins are FK3P12. 

16. The compound of claim 12, wherein the ccmcound 
5 inhibits rotamase enzyme activity. 

17. A pharmaceutical composition comprising a 
neurotrophical!;/ effective amount of the compound of 
claim 12 and a pharmaceutical! y acceptable carrier. 

10 

13. A method of effecting a neuronal activity in an 
animal, comprising : 

administering to the animal a neurc trc phical in- 
effective amount of the compound of claim 12. 

15 

19. The method of claim 13 , wherein the neuronal 
activity is selected from the group consisting of 
stimulation of damaged neurons, promotion of 
neuronal regeneration, prevention of 
20 neurodegeneraticn and treatment of neurological 

disorder. 



20. The method of claim 19, wherein the 
neurological disorder is selected from the group 
25 consisting of peripheral neuropathy caused by 

physical injury cr disease s ~5.~a , physical damage co 
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the brain, physical damage t : "he spinal cord, 
strode associated with brair. damage, and 
neurological disorder relating zz neurodegeneration . 

5 21. The method of claim 21, wherein the 

neurological disorder relating zz neurodegeneration 
is selected from the group consisting of Alzheimer's 
Disease; Parkinson's Disease, and amyotrophic 
lateral sclerosis. 
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22. A compound of formula Ij 



E. X /S Y— Z. 



| w 
Ri 



X 



5 or a charmaceutically acceptable sail, ester, c: 
solvate thereof/ wherein: 

I, F, and G are independently CH : , 0, S , SO, 
S0 : , NH or NR 3 wherein at least 2 of E, F, and G are 
CH,; 

10 X is either 0 or S; 

Y is a direct bond to Z, a C,-C b * straight or 
branched chain alkyl , or a C : -C, straight or branched 
chain alkenyl, wherein any of -the carbon atoms of 
said alkyl or alkenyl are optionally substituted in 

15 one or more positions with 4 amine , halo/ haloaikyl, 

thiocarbonyl, ester, thioester, aikoxy, alkenoxy, 
cyano, nitro, imino, alkylaminc, amino a Iky I, 
sulfhydryl, thioalkyl, sulfonyi, oxygen to form a 
carbonyi, or wherein any of the carbon atoms of said 

20 alkyl. or alkenyl are optionally replaced with 0, NH, 

NR : , S, SO, or SG : , wherein R : is selected from the 
group consisting of hydrogen, iC : -C. ; ) -straight or 

' ' branched chain aikyl, (Cj-C*) -straight or branched 

chain alkenyl or alkynyl, and (C,-CJ bridging alkyl 



WO 98/29117 PCT/US97/24070 

wherein said bridging alkyl forms a heterocyclic 
ring smarting with the nitrogen cf NR, and ending 
with one of the carbon atoms of said alkyl or 
alkenyl chain, and wherein said heterocyclic ring is 
5 optimally fused to an Ar group; 

Z is a direct bond, or a C : -C 5 straight or 
branched chain alkyl/ or a C : -C, straight or branched 
chain alkenyl, wherein any of the carbon atoms of 
said alkyl or alkenyl are optionally substituted m 
10 one or more positions with ammo, halo, haioaikyl, 
thiocarbonyl, ester, thioester, aikoxy, aikencxy, 
cyanc, nitro, imino, alkyl ami no, aminoalkyi, 
suifhydryi, thioaikyi, suifcnyl, oxygen to form a 
carbcnyl, or wherein any cf the carbon atoms of said 
15 alkyl or alkenyl are optionally replaced with 0, NH, 

NR : , 5, SC, or SC : , wherein R : is selected from the 
group consisting of hydrogen, iC-.-C, ) -straight or 
branched chain alkyl, (C.-CJ -straight or branched 
chain alkenyl or alkynyl, and (C : -C 4 ) bridging alkyl 
20 wherein said bridging alkyl forms a heterocyclic 

ring starting with the nitrogen cf MR, and ending 
with one of the carbon atoms of said alkyl or 
alkenyl chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group; 
25 c and D are independently: 

hydrogen, Ar, O.-C,- scraic'r.- or branched chain 



93 



WO 98/29117 



PCT/US97/24070 



alkyl, cr C : -C, straight or branched chain alkenyi, 
wherein any of the carbon atoms z i said alky! or 
alkenyi are optionally substituted in one or more 
■ position is) with C 3 -C 9 cycloaikyi, C 5 -C- cycloalkenvi, 
5- hydroxy! , carbonyl oxygen, cr Ar, wherein said 

alkyl, alkenyi, cycloaikyl cr cycicaiker.yl croups 
are optionally substituted with C : -C- alkyl, C : -C 5 
alkenyi, hydroxy, amino, halo, haioalkyl, 
thiocarbcnyl, ester, thioester, aikoxy, alker.oxy, 

10 cyano, nitro, irtino, alky latino, amincalkyi, 

sulfhydryi, thioaikyl, sulfonyl, wherein any of the 
carbon atoms of said alkyl or alkenyi are optionally 
substituted in one or more positions with oxygen to 
form a carbonyl, or wherein any of the carbon atoms 

15 of said alkyl or alkenyi are optionally replaced 

with 0, MH, NR ; , S, SO, or S0 : , wherein R, is 
selected from the group consisting of hydrogen, (C-- 
C 5 ) -straight or branched chain alkyl, (C : .-C,)- 
straight or branched chain alkenyi or aikynyl, and 

20 (C : -C ; ) bridging alkyl wherein said bridging alkyl 

forms a heterocyclic ring starting with the nitrogen 
of MR. and ending with one of the carbon atoms of 
said alkyl or alkenyi chain, and wherein said 
heterocyclic ring is optionally fused to an Ar 

2 5 group; 

wherein Ar is an aryi or heteroaryl moiety 



WO 98/29117 



PCI7US97/24070 



whicr: is substituted or unsurs tituted; 
W is oxygen or sulfur; 

L" is either 0 or M, wherein when U is C , then 
R. is a lone pair of electrons and R : is selected 
5 from the group consisting of: 

Ar as .defined above, C : -Cc cycicaikyl, C-C 5 
straight or branched chain alkyl or alkenyl, or C--C. : 
straight or branched chain alkyl or alkenyl 
substituted in one or more positions with Ar, amino, 

10 halo, haloalkyl, hydroxy, triflucrome thyi, C : -C s 

straight or branched chain alkyl, C : -C. : straight cr 
branched chain alkenyl, carbtnyi, thiocarbenyi, 
ester, thioester,- aikoxy, aikenoxy cyano,- ni tro , 
iminc, alkylaminc, aminoaikyi, suifhydryl, 

15 thicaikyl, sulfonyl, substituted alkyl or alkenyl 

wherein any of the carbon atoms of the alkyl cr 
aikenvl are optionally replaced with S, SO, 30 : , 0, 
or MR^ wherein R : is selected from the group 
consisting of hydrogen, (C,-C. : ) -straight or branched 

20 chain alkyl, (C 3 -CJ -straight cr branched chain 

alkenyl or alkynyl, and (C : -CJ bridging alkyl 
wherein said bridging alkyl forms a heterocyclic 
ring starting with the nitrogen of .NRi. and ending 
with one of the carbon atoms of said alkyl or 

25 alkenyl chain, and wherein said heterocyclic ring is 

optionally fused to an Ar grcu? or C,-c, cycloalkyl; 
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and when U is N, R : and ?. : are selected 
independently from the group consisting of: 

hydrogen, Ar as defined above, C : -C^ cycloalkyl, 
; C-C, straight or branched chain aikyi or aikenyl, cr 
5 C : -C, straight or branched chain ai!<yl or aikenyl 

substituted in one or more positions with Ar, amino, 
halo, haioalkyi, hydroxy, trif lucromethyl, C : -C 6 
straight cr branched chain aikyi, C^C, straight or 
branched chain aikenyl, carbon yi , thiocarbcnyi, 

10 ester, thioes ter , alkoxy, alker.oxy, cyano, nitro, 
imino, aikyiamino, aminoalkyi, sulfhydryl, 
thioalkyi, sulfonyl, substituted aikyi or aikenyl 
wherein any of the carbon atoms of the aikyi or 
aikenyl are optionally replaced with S, SO, S0 2 , 0, 

15 or NR : wherein R : is selected from the group 

consisting of hydrogen, (C,-C*) -straight or branched 
chain aikyi, (C ; .-C. : ) -straight cr branched chain 
aikenyl or alkynyl, and (C,-C.) bridging aikyi 
wherein said bridging alkyl forms a heterocyclic 

20 ring starting with the nitrogen of NR : and ending 

with one of the carbon atoms of said alkyl or 
aikenyl chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group or C : -C 9 cycloalkyl; 
or R : and R : may be taken together to form a 

25 heterocyclic ring. 
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23. The compound of claim 22, wherein Ar is 
selected from the group consisting of naphthyi, 
indciyl, fury!, thiazolyi, thienyi, pyridyl, and 
phenyl . 

24. The compound of claim 22, wherein the compound 
has an affinity for FK3?-type immunochiiins . 



25. The compound of claim 24, wherein the 7KB?- type 
10 immuncphilms are FK3P12. 

26. The compound of claim 22, wherein the compound 
inhibits rotamase enzyme activity. 

15 27. A pharmaceutical composizi" comprising a 

neurotrophics! ly effective amount of the compound of 
claim 22 and a pharmaceuticaiiy acceptable carrier. 

28. A. method of effecting a neuronal activity in an 
20 animal, comprising: 

administering to the animal a neurotrophically 
effective amount of the compound of claim 22. 



25 



29. The method of claim 23, wherein the neuronal 
activitv is selected from the group consisting of 
stimulation of damaged neurons, promotion of 
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neuronal regeneration, prevent! 
neur ode gene ration and treatment 
disorder . 

5 30. The method of claim 29, wherein the 

neurological disorder is selected from the group 
consisting of peripheral neuropathy caused by 
physical injury or disease state, physical damage zz 
the brain, physical damage tt the spinal cord, 
10 stroke associated with brain damage, and 

neurological disorder relating to neurode generation . 



on of 
of neurological 



31. The method of claim 30, wherein the 
neurological disorder relating to neurodegeneration 
15 is selected from the group consisting of Alzheimer's 
Disease, Parkinson's Disease, and amyotrophic 
lateral sclerosis. 



32. A compound of formula IV: 



r (CH,)n 



20 



w 



Ri 



IV 



-Y- 



or a pharmaceutical iy acceptable salt, ester, o: 
solvate thereof, wherein: 
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n is I, 2 or 3 forming a 5-7 member 
heterocyclic ring; 

X is either 0 or S; 

Y is a direct bead to Z, a C- -C, straight or 
5 branched chain alkyl, or a C : -Z; straight c: branched 

chain alkenyl, wherein any of the carbon atoms of 
said alkyl or alkenyl are optionally substituted in 
one or more positions with amino, halo, haicaikyi, 
thiocarbonyl, ester, thioester, aikoxy, alker.cxy, 

10 cyano , nitre, imino, aikylaminc, aminoalkyl, 

sulfhydryl, thioalkyl, sulfcr.yl, oxygen to form a 
carbenyi, or wherein any of the carbon atoms of said 
alkyl or alkenyl are optionally replaced with 0, NH, 
' NPv :/ S, SO, or S0 2 , wherein R : is selected from the 

15 group consisting of hydrogen, <C : -C 5 ) -straight or 

branched chain alkyl, (C 2 -C 5 ) -straight or branched 
chain alkenyl or alkynyl, and :'C- -C . ) bridging alkyl 
wherein said bridging alkyl forms a heterocyclic 
ring starting with the nitrogen of NR l and ending 

20 with one of the carbon atoms of said alkyl or 

alkenyl chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group; 

Z is a direct bond, or a C : -C 6 straight or 
branched chain alkyl, or a C,-C,. straight or branched 

25 chain alkenyl, wherein any of the carbon atoms of 

said aiicyl cr alkenyl are optimally substituted i- p . 
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one or more positions with an mo, halo, halcalkyl, 
thiocarbonyl, ester, thioester, alkoxy, aikenoxy, 
cyano, nitro, imino, alkyiamir.c , amincalkyi, 
sulfhydryl, thioaikyl, suifcr.yl, oxygen to form a 
5 carbcnyl/ or wherein any of "he carbon atoms of said 
alkyi or alkenyi are optionally replaced with 0, NK, 
NR ; , S, SO, or S0 : , wherein R : is selected from the 
group consisting of hydrogen, (C : -C 5 ) -straight or 
branched chain alkyi, (C 3 -C,-) -straight or branched 

10 chain alkenyi or aikynyl, and (C : -C ; ) bridging alkyi 
wherein said bridging alkyi ferns a heterocyclic 
• ring starting with the nitrogen of NR< and ending 
with one of the carbon atoms of said- alkyi or 
alkenyi chain, and wherein said heterocyclic ring is 

15 optionally fused to an Ar group; 

C and D are independently: 

hydrogen, Ar, C,-C 4 straight or branched chain 
alkyi, or C : -C 6 straight or branched chain alkenyi, 
wherein any of the carbon atoms of said alkyi or 

20 alkenyi are optionally substituted in one or more 

position(s) with C,-C, cycioaikyi, Cc-C ? cycloalkenyl, 
hydroxy!, carbonyl oxygen, or Ar, wherein said 
alkyi, alkenyi, cycioaikyi or cycloalkenyl groups 
are optionally substituted with C : -C s alkyi, C 2 -C.- 

25 alkenyi, hydroxy, amino, halo, haloalkyl, 

thiocarbonyl, ester, thioester, aikoxy, alkenoxy, 
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cyanc, nitro, imino, alkylamir.o, aminoalkyL, 
suifhydryl, thioalkyi, sulfonyi, wherein any of the 
carbcr. acorns of said aikyl or alkenyl are optionally 
substituted ir. one or more positions with oxygen to 
5 form a carbonyl, or wherein any of the carbon atoms 

of said aikyl or alkenyl are optionally replaced 
with 0, NH, NR;/ S, SO, or S0 ; , wherein R : is 
selected from the group consisting of hydrogen, (C- 
C s ) -straight or branched chain aikyl, (Cj-C<)- 
10 straight or branched chain alkanyl or alkynyi, and 
(C x -C.) bridging alkyl wherein said bridging aikyl ' 
forms a heterocyclic ring starting with the nitrogen 
of MR. and ending with one of the carbon atoms of 
said aikyl or alkenyl chain, and wherein said 
15 heterocyclic ring is optionally fused to an Ar 
group; 

wherein Ar is an aryl or heteroaryl moiety 
which is substituted or unsubstituted; 
W is oxygen or sulfur; 
20 U is either 0 or N, wherein when (J is 0, then 

R, is a lone pair of electrons and R ; is selected 
from the group consisting of: 

Ar as defined above, C : -C, cycloalkyl, C.-C, 
straight or branched chain aikyl or alkenyl, or C.-C* 
25 straight or branched chain aikyl or alkenyl 

substituted in one or more positions with Ar, amino, 
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halo, haicaikyl, hydroxy, trif iucrome tnyi, C.-C- 
straight or branched chain aikyl, C : -C 5 straight c ~ 
branched chain alkenyi, carbonyl, thiocarbcnvl, 
ester, thioester, alkoxy, aikencxy, cyanc, nitre, 
5 iminc, aikyiamino, aminoaikyi, sulfhydryl, 

thioaikyi, sulfcnyl, substituted aikyl or aikenvi 
wherein any of the carbon accas of the aikyl or 
alkenyi are optionally replaced with S, SO, 30., 0, 
or NR : wherein R : is selected from the group 

10 consisting of hydrogen, (C,-C 5 -/ -straight or branched 
chain aikyl, (C 3 -C 6 ) -straight of branched chain 
alkenyi or aikynyl, and {C-C.) bridging aikyl 
wherein said bridging aikyl ferns a heterocyclic 
ring starting with the nitrogen of NR.. and ending 

15 with one of the carbon atoms of said aikyl or 

alkenyi chain, and wherein said heterocyclic ring is 
optionally fused to an Ar group or C 3 -C 3 cycioalkyl; 

and when U is N, R, and R : are selected 
independently from the group consisting of: 

20 hydrogen, Ar as defined above, C 3 -C g cycioalkyl, 

C,-C 6 straight or branched chain aikyl or alkenyi, or 
C-C^ straight or branched chain aikyl or alkenyi 
substituted in one or more positions with Ar, amino, 
halo, haloalkyl, hydroxy, trif iuoromethyl, C,-C^ 

25 straight or branched chain aikyl, C : -C. : straight or 
branched chain alkenyi, carbenyi, thiocarbonyi, 
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ester, thioester, alkoxy, alkenoxy, cyano, nitro, 
. imino, aikyiamino, aminoalkyi, sulfhydryi, 
thioal!<yl/ sulfonyi, substituted alkyi or alkenyl 
where ir. any of the carbon , atoms of the alkyi or 
5 alkenyl are optionally replaced with 5/ SO, 30-, o, 
or NR : wherein R 2 is selected from the croup 
consisting of hydrogen, (C, -CJ -straight or branched 
chain aikyl, (C>-C-) -straight cr branched chain 
alkenyl or alkynyl, and (C,-C.} bridging aikyl 

10 wherein said bridging aikyl forms a heterocyclic 
ring starting with the nitrcgen of MR, and ending 
with one of the carbon atoms of said- aikyl or 
alkenyl chain,- and wherein said heterocyclic ring is 
optionally fused to an Ar group or C : -C, cycioaikyl; 

15 cr R- and R : may be taken together to form a - 

heterocyclic ring. 

33. The compound of claim 32/ wherein Ar is 
selected from the group consisting of naphthyl, 

20 indolyi, furyl, thiazolyl, thienyl, pyridyl, and 

phenyl. 

34. The compound of claim 32, wherein the compound 
has an affinity for FKBP-type ixjnunophiiins . 

25 

35. The compound of claim 34,. wherein the FKBP-type 
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immuncphiiins are FK3P12. 

35. The ccmpound of claim 32 , 1 wherein Che compound 
inhibits rotamase enzyme activity. 

5 

37. A pharmaceutical composition comprising a 
nsurocrcphically effective amount of the compound of 
claim 32 and a pharmaceuzically acceptable oarrier. 

10 33. A method of effecting a neuronal activity in an 

animal , compr i s ing : 

administering to the animal a neurotrophical!-/ 
effective amount of the compound of claim 32. 

15 39. The method of claim 39, wherein the neuronal 

activity is selected from the croup consisting of 
stimulation of damaged neurons, promotion of 
neuronal regeneration, prevention of 
neurodegeneration and treatment of neurological 

20 disorder. 

40. The method of claim 39, wherein the 
neurological disorder is selected from the group 
consisting of peripheral neuropathy caused by 
25 physical injury or disease state, physical damage " 
the brain, physical damage to the spinal cord, 
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serosa associated with brain damage, and 
neurological disorder relating zo neurodegeneration . 

41. The mechcd of claim 40, wherein the 
5 neuro logical disorder relating to neurcdegeneration 
is saiecced from the group consisting of Alzheimer's 
Disease, Parkinson's Disease, and amyotrophic 
lateral sclerosis. 
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1. I - ] Claimo Noo.: 

L— » becauoe they relate to oubject matter not required to be searched by this Authority, namely: 



2. Claimo Noo.: 

' — I becauoe they relate to porta of the international application that do not comply with the prescribed requirement to ouch 
an extent that no meaningful international oearch can be carried out, opecifically: 



3. (l Claimo Noo.: m u a a/ \ 

because they are dependent claimo and ore not drafted in accordance with the second and third sentencco of Rule 6.4(a). 
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4. Ha No required additional oearch fees were timely paid by the applicant. Consequently, this international search report is 
— restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 
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BOX 11. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple invention* as followi: 




This application contains the foUowing inventions of group* of inventions which are not so linked as to form 
a tingle inventive concept under PCT Rule 13. 1. In order for all inventions to be searched, the appropriate additional 

search foe* must be paid. . 

The following table define* the invention* claimed in this application. By selecting a variable from each 
heading, one can arrive at 256 individual groupa: 
A. B 

pyrroUdinyl 

pyridyl 

pyrimidyl 

oxazole or thiazole 


•RuJJi 
H or non-heterocycle 

hydrocarbyl 

pyridyl or pyrimidyl 




Y 

direct bond or aliphatic hydrocarbyl 
NR,-alkyl or -alkenyl ring 




Z 

H, bond, aliphatic hydrocarbyl 
NR,-alkyl or -alkenyl ring 





u 

oxygen 
nitrogen 



•Note: proviso that when U is oxygen, R, is a lone electron pair. 



A sample selection of three (3) individual group* is given below: 

Group I, claims 1. 12, 22 and 32, drawn to compounds of formulae I-IV wherein A and B together form 
pyrrolidine, R, is an electron pair, R, is hydrogen, C and D are each hydrogen, Y and Z are each a direct bond and U 
is oxygen. (This is the compound the examiner considers to be the first claimed invention). 

Group II. claims 1, 12, 22 and 32, drawn to compounds of formulae MV wherein A and B together form 
pyridine, R, U an 

electron pair, Rjis hydrogen. C and D are each hydrogen, Y and Z arc each a direct bond and U u oxygen. 



Group CCLVl, claims 1, 12. 22 and 32, drawn to compounds of formulae I-IV wherein A and B together 
form oxazole or thiazole, R, and R, together form pyrimidyl, C is an NR,-alkyl or 



-alkenyl ring, D is an NR r alkyl or -alkenyl ring, Y is an 
NR r alkyl or -alkenyl ring, Z is an NR,-alkyl or -alkenyl ring 
and U is nitrogen. 



Claims 2-11, 13-21, 23-31 and 32-41 will be examined as commensurate in scope with the group elected. 
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The invention* lilted as Groups l-CCLVl do not relate to a single inventive concept under PCT Rule 13.1 
because, under PCT Rule 13.2. they lack the tame or corresponding special technical features for the following reasons: 
no special technical feature which makes a contribution over the prior art exists within the structures depicted in 
formulae I-IV in claims i . 12, 22 and 32. The only structural constants shown are -N-C-C-S- which appear in claim I 
on an otherwise completely variable chain. Nitrogen and sulfur are both known elements. Any contribution over the 
prior art must, therefore, reside in the possibilities for the various subatituents and combinations thereof, which 
render the compounds different from one another; as such, they are not known as equivalents in the art. 
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